Evaluation of smile characteristics in individuals with different age groups by Prabhakaran, M
EVALUATION OF SMILE CHARACTERISTICS IN INDIVIDUALS WITH 
DIFFERENT AGE GROUPS 
 
Dissertation submitted to 
THE TAMIL NADU DR. M.G.R. MEDICAL UNIVERSITY 
In partial fulfilment for the degree of 
MASTER OF DENTAL SURGERY 
 
 
 
BRANCH – V 
ORTHODONTICS AND DENTOFACIAL ORTHOPEDICS 
APRIL - 2015 
 
  
CERTIFICATE 
This is to certify that the dissertation entitled “Evaluation of smile characteristics in 
individuals with different age groups” by Dr. M. Prabhakaran, post graduate student 
(M.D.S), Orthodontics and Dentofacial Orthopedics (Branch – V), KSR Institute of Dental 
Science and Research, Thiruchengode, submitted to the Tamil Nadu Dr. M.G.R. Medical 
University in partial fulfilment for the M.D.S. degree examination (April 2015) is a bonafide 
research work carried out by him under my supervision and guidance. 
 
 
THE PRINCIPAL                                                    THE HEAD OF THE DEPARTMENT 
Prof. Dr. G.S. Kumar, M.D.S.,                                Prof. Dr. K. P. Senthil Kumar, M.D.S., 
KSR Institute of Dental Science and Research,         Professor and Head of the Department, 
Thiruchengode – 637 215.                                         Dept. of Orthodontics and 
Dentofacial Orthopaedics,                                                                           
KSR Institute of Dental Science & Research, 
             Thiruchengode – 637 215. 
 
                     
THE GUIDE                  THE CANDIDATE 
Dr. M. Karthi, M.D.S.,                                              Dr. M. Prabhakaran, 
Reader,                         III year PG student, 
Dept. of Orthodontics and           Dept. of Orthodontics and  
Dentofacial Orthopaedics,                                           Dentofacial Orthopaedics, 
KSR Institute of Dental Science and Research,          KSR Institute of Dental Science & Research, 
Thiruchengode – 637 215.         Thiruchengode – 637 215. 
 
 
 
Date : 
Place : Thiruchengode. 
 
  
ACKNOWLEDGEMENT 
I express my sincere thanks and great honour to Thiru. Lion. Dr. K.S. Rangasamy, 
MJF., Founder and Chairman, KSR Group of Institutions, for his blessings and providing me 
the opportunity of doing post-graduation in the Department of Orthodontics and Dentofacial 
Orthopaedics, KSR Institute of Dental Science and Research. 
My sincere thanks to Professor Dr. G. S. Kumar, M.D.S., Principal, KSR Institute 
of Dental Science and Research, for his kind support and encouragement. 
With immense gratitude and respect, I thank Professor Dr. K. P.Senthil Kumar, 
M.D.S., Professor and Head of the department, for his valuable guidance, support and 
encouragement throughout the study.  
I express my deep sense of gratitude and great honour to my respected guide,          
Dr. M.  Karthi, M.D.S., Reader, for his patient guidance, support and encouragement 
throughout the study. 
I owe my thanks and great honour to Professor Dr. S. Tamizharasi, M.D.S., for 
helping me with her valuable and timely suggestions and encouragement. 
I am grateful to Dr. S. Raja, M.D.S., Reader, for his support and encouragement. 
I am grateful to Dr. K. Prabhakar, M.D.S., Senior Lecturer, for his support and 
encouragement. 
I am grateful to Dr. K. Janardhanan, M.D.S., Senior Lecturer, for his support and 
encouragement. 
I thank the Statistician Mr. Neelakandan., Annamalai University, Chidambaram, for 
helping me with the statistics in the study. 
  
I take this opportunity to express my gratitude to my friends, non-teaching staff and 
colleagues for their valuable help and suggestions throughout this study. 
I offer my heartiest gratitude to my family members for their selfless blessing. 
I seek the blessings of the Almighty, the God, without whose benevolence, the study 
would not have been possible. 
 
 
                                                           CONTENTS 
 
 
S.NO 
 
TITLE 
 
PAGE NO. 
     
1 
 
INTRODUCTION 
 
 
1 
 
2 
 
AIMS AND OBJECTIVES 
 
4 
 
3 
 
REVIEW OF LITERATURE 
5 
 
4 
 
MATERIALS AND METHODS 
24 
 
5 
 
STATISTICAL ANALYSIS 
36 
 
6 
 
RESULTS 
38 
 
7 
 
DISCUSSION 
61 
 
8 
 
SUMMARY AND CONCLUSION 
 
67 
 
9 
 
BIBLIOGRAPHY 
69 
 
   LIST OF FIGURES 
 
FIG. 
NO 
                                           TOPIC 
 
PAGE NO 
1 Position of the patient 
 
29 
2 
 
Continuous focusing light 
 
29 
3 
 
Spectacle with ruler frame 
 
30 
4 
 
Posed smile photo with spirit bubble 
 
30 
5 
 
Measurements at rest  
 
31 
6 
 
Measurements during smile 
 
31 
7 
 
Group-I (15 to 20 years) 
 
32 
8 
 
Group-II (21 to 30 years) 
 
33 
9 
 
Group-III (31 to 40 years) 
 
34 
10 
 
Group-IV (41 to 50 years) 
 
35 
 
LIST OF TABLES 
 
 
S.NO 
 
TOPIC 
 
PAGE NO. 
1  Measurements used in this study 27 
 
2 
 
Samples and measurements taken for the study – Rest position 40 
3 
 
Samples and measurements taken for the study – Smile 44 
4 
 
Descriptive statistics and significance of mean differences of rest 
position measurements between males and females via student t 
test 48 
5 
 
Descriptive statistics and significance of mean differences of 
smile measurements between males and females via student t 
test 49 
6 
 
 Mean values of parameters according to sex distribution (t-test) 
at rest 51 
7 
 
Mean values of parameters according to sex distribution (t-test) 
during smile 52 
8 
 
one-way analysis of variance ANOVA at Rest 52 
9 
 
one-way analysis of variance ANOVA during Smile 53 
10 
 
Multiple comparisions – Post Hoc Test at Rest 54 
11 
 
Multiple comparisions – Post Hoc Test during Smile 55 
 
    LIST OF GRAPHICAL REPRESENTATIONS 
 
 
S.NO 
 
TOPIC 
 
PAGE NO 
1 
 
Mean differences of rest position measurements between males and 
females via Student t test – Upper lip length and Upper lip 
thickness. 
57 
2 
 
Mean differences of rest position measurements between males and 
females via Student t test –Outer inter-commissural width and 
Commissural height. 
58 
2 
 
Mean differences of smile measurements between males and 
females via Student t test – Upper lip length. 
58 
3 
 
Mean differences of smile measurements between males and 
females via Student t test - Upper lip thickness, Outer inter-
commissural width and Commissural height. 
59 
4 
 
Mean differences of smile measurements between males and 
females via Student t test – Interlabial gap, Smile index and Buccal 
corridor. 
60 
 
 
  
 
 
 
 
 
 
 
 
 
 
INTRODUCTION 
                                                                                                                                                  Introduction 
 
 Page 1 
 
INTRODUCTION 
In the practice of modern dentistry, esthetics has become increasingly important and 
synonymous with a natural harmonious appearance.
63
 The improvement of dentofacial 
esthetics is the primary reason for seeking orthodontic treatment.
60
 The Angle’s paradigm of 
achieving ideal occlusion should certainly remain the primary functional goal of orthodontics, 
the esthetic outcome is also critical for patient satisfaction and therefore essential to overall 
treatment outcomes.
25
 The mouth is the centre of communication in the face, the esthetic 
appearance of oral region during smiling is the conspicuous part of facial attractiveness.
15
  
Lavater
29
 more than 200 years ago, called the smile as lip curtain and what is 
currently called the soft tissue drape. Although the English language is with words and 
images of specific types of smiles – insipid, wry, sardonic, ironic, inscrutable, infectious, 
warm and enigmatic these are entirely subjective. 
Smile can be defined as a “facial expression characterized by upward curving of the 
corners of the mouth, is often used to indicate pleasure, amusement or derision”66 
Smiles can be either posed or social smile and spontaneous or enjoyment smile.
45,53
 
Peck and Peck
43
 classified smiles as stages I and II, and Ackerman et al
1 
classified the stage I 
as posed smile and stage II as unposed (spontaneous) smile.  
Posed smile is voluntary and is not accompanied by emotion. The lip animation is 
fairly reproducible, similar to the smile that may be rehearsed for photographs or school 
pictures.
42
 
The unposed smile is involuntary and is induced by joy or mirth. The lip elevation is 
more animated in unposed smile. The posed smile is routinely used when evaluating facial 
esthetics and smile characteristics and can be generated on command.
1,45
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Lip position and the amount of tooth and gingival display during smiling and speech 
are important diagnostic criteria in orthodontics, dentofacial surgery and esthetic dentistry.
15
 
The smile is essential to express friendliness, appreciation and agreement and to 
convey compassion and understanding,
18
and this should not be ignored in diagnosis and 
treatment planning. 
The esthetics and smile characteristics at rest and during smiling for the parameters- 
upper lip length, lower lip length, upper lip thickness, lower lip thickness, maxillary incisal 
display, interlabial gap, outer intercommissural width, visible maxillary dental width, smile 
index and buccal corridors were studied by Kavita Sachdeva et al.
50
 
Frush and Fisher
14
 proposed that there should be harmony between the curvature of 
the incisal edges of the maxillary anterior teeth and the curvature of the upper border of lower 
lip in posed smile is defined as smile arc. 
The ideal smile arc has the maxillary incisal edges parallel to the curvature of lower 
lip upon smile. 
During the development of appropriate diagnosis and treatment planning for a patient, 
the hard and soft tissues are usually analyzed in 3 dimensions: sagittal, vertical, and 
transverse. But recently the time has been recognized as the fourth dimension.
52,53 
With the 
time, the people undergo many skeletal and soft-tissue cellular changes and they dramatically 
affect the overlying soft-tissue envelope, the related muscles, and their functions.
30,58
 
With the age, the lips become less elastic and less mobile.
10,12
 Further the oral 
structures such as the teeth and the periodontium change with age and these changes affect 
the smile although the post-treatment occlusion is maintained by orthodontic retainers. An 
appropriate knowledge of the smile changes with age can guide the orthodontists to give a 
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healthy, long-lasting, and esthetically appealing treatment.
67 
There are some indications that 
there are differences in facial movements between the genders in adulthood.
39
 Modern 
psychological research found that men and women possess different smile behavior.
32 
Static profile photographs and lateral cephalograms throughout the orthodontic 
literature have been the key diagnostic aids in analysis of patient’s profile and lips at 
rest.
2,10,13,20,23,41-43,45,66 
The best study of smile beyond static pictures is the videographic capturing (30 
frames per second) and computer software analysis to minimize the inherent error of single 
snapshot.
67
 
Pieter et al
16
 used a spectacle frame with ruler markings to enhance computer 
measurement of recorded images. A centered bubble device eliminates head positioning 
errors when attached with the spectacle frame.
26
 
Geld
15
 and Desai et al.
10
 have recently studied the age-related changes in smile 
videographically and the gender differences in age related changes in smile are not clear.  
Due to the lack of information regarding the gender and age differences, a cross-
sectional videographic study of posed smile is done to evaluate the age-related changes 
associated with upper lip length, upper lip thickness, outer intercommissural width, 
commissural height, interlabial gap at smile, smile index, smile arc and buccal corridor space 
and sexual dimorphism.   
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AIM OF THE STUDY 
The aim of this study is to evaluate and compare the smile characteristics in individuals with 
different age groups by digital videography.  
 
 
OBJECTIVES OF THE STUDY 
 To evaluate and compare the characteristics of smile in individuals with different age 
groups. 
 To compare the smile characteristics between males and females within the groups. 
 To check the sexual dimorphism with respect to smile between the different age 
groups. 
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REVIEW OF LITERATURE 
Anthony H. L. Tjan et al
63
 (1984) done a study which formulates a standard 
normalcy in esthetic smile in relation to the smile type, parallelism of the maxillary incisor 
curve with lower lip, incisal curve position in relation to touching the lower lip and the 
number of teeth displayed in a smile using 454 full faced photographs of dental and dental 
hygiene students. The study includes 207 men and 247 women from 20 to 30 years of age. 
Each subject was compared and analysed by careful visual judgement rather than by 
mathematical measurements. They concluded that the average smile exhibited that the incisal 
curve of the teeth was parallel to the inner curvature of the lower lip and the lower lip was 
touched slightly by the incisal curve of the maxillary anterior teeth. 
Bjorn U. Zachrisson
69
 (1998) discussed the characteristics of tooth display during 
smiling and in conversation and provided the guidance to analyse the esthetic factors by 
viewing the patient from the front. The study concluded that for a reliable esthetic evaluation, 
patient should be studied from the front. The maxillary incisors should not be over intruded in 
patient with average or low smile type and provide the maxillary incisors curve parallel to the 
inner contour of the lower lip during smiling and also the excessive gingival exposure must 
be reduced in long-faced patient by active maxillary incisor intrusion. 
David M. Sarver
51
 (2001) reviewed the smile arc and its relation to orthodontics in 
three cases and found that there was a loss of curvature of maxillary incisors during the 
normal alignment of maxillary and mandibular arches. The study concluded that the incisor-
smile arc relationship was important during case evaluation and in subjects with flat smiles 
the brackets should be positioned so as to extrude the maxillary incisors. The evaluation of 
anterior smile esthetics should include the both static and dynamic evaluations of patients 
profile, frontal                                                                           
planning and treatment. 
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Marc B. Ackerman et al
2
 (2002) had reviewed the two factors involved in smile 
analysis and smile design. They were esthetic desires of the patient and orthodontist and the 
                      ’                 y     g              . T  y   u                      
can evaluate the p      ’   y                     display and then it incorporated in smile 
analysis into routine treatment planning while using digital video and computer technology. 
T                  g          g    y                             u            ’            
speech at the same time. The esthetic smile design was found to be a multifactorial decision-
making process which allows the clinician to treat the patients with an individualized, 
interdisciplinary approach. 
Steven T. Dickens et al
11
 (2002) had done a cross-sectional study of 1367 individuals 
who came for orthodontic treatment to understand and predict the changes in esthetically 
important dimensions in patients from 7 to > 40 years of age. They measured the philtrum 
height, commissure height, amount of maxillary incisor show at rest, incisor display and 
gingival display on smile, incisor crown height using millimetre ruler. Results showed that 
the length of the philtrum was initially short and it increases faster than commissure height at 
adolescence, which results in maximum display of maxillary incisors at 12 years of age in 
males and 11 years of age in females. The incisor display at rest and smile, lip separation at 
rest and gingival display on smile all decreased after adolescence in males and females, 
particularly beyond the age of 20 years.     
David M. Sarver et al
52
 (2003) reviewed the visualization and quantification of the 
dynamics of the smile in two stage process. The direct measurement of lip-tooth relationships 
both at dynamically and in repose were the first step in the evaluation. The second step was 
the record taking such as the use of photography, digital videography, radiography and 
plaster casts were found to be accurate in recording the dynamic and static attributes of a 
       ’       . T  y                                    “                ”                  ’  
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ability to recognize the positive elements of beauty and also to enhance the attributes which 
fall outside the parameters of the prevailing esthetic concept.  
David M. Sarver et al
53
 (2003) discussed a comprehensive methodology for 
assessing, recording and planning treatment of the smile in 4 dimensions. They developed a 
                    y        y    u                          qu                           ’  
smiles in 4 dimensions: frontal, oblique, sagittal, and time-specific. Smile index in frontal 
dimension was the ratio helpful for comparing the smiles of different patients or across the 
time in 1 patient. The growth, maturation, and aging of the perioral soft tissues on patients 
have a profound effect on both the appearance of resting and smiling presentations. They 
showed that in the direct measurement study of 3500 subjects to demonstrate the changes in 
philtrum height and commissure height in patients from age 6 years to their 40 years, the rate 
of philtrum lengthening was greater than that of the commissures. The author concluded that 
the lengthening of the philtrum and the commissure with increasing age was reflected in 
curves indicating reduced tooth display at rest and gingival display. 
Marc B. Ackerman et al
3
 (2004) had done a retrospective study to measure the lip-
tooth characteristics of adolescents. Pre-treatment video clips of 1242 patients form private 
orthodontic office were screened for Class-I skeletal and dental patterns and the video was 
edited using iMovie Apple software. Each animation image was analysed to measure the 
smile index, intercommissure width, interlabial gap and the maximum incisor exposure using 
a Smile-Mesh computer application. The study suggested that the anterior tooth display 
during posed social smile and at speech should be evaluated as part of a dynamic range and 
the orthodontist should view the dynamics of anterior tooth display while planning the 
vertical positions of incisors during orthodontic treatment. 
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Roy Sabri
49
 (2005) reviewed the eight components of smile which includes lip line, 
smile arc, upper lip curvature, lateral negative space, smile symmetry, frontal occlusal plane, 
dental components and gingival components. They showed that an optimal smile was 
characterized when the upper lip reached the gingival margins, with an upward or straight 
curvature. The incisal line should coincident with the border of the lower lip and there can be 
minimal or no lateral negative space. It was found that smile arc gets flattened in one-third of 
the 30 treated patients, but in only two of the 30 untreated subjects. This occurs during 
orthodontic treatment unintentionally due to overintrusion of maxillary incisors, improper 
bracket positioning and when correcting the cant of occlusal plane. These eight components 
of the smile were considered not only as rigid boundaries, but also an artistic guidelines to 
help the orthodontists to treat individual patients with high aware of smile esthetics. 
Theodore Moore et al
37
 (2005) had done a study to determine the influence of buccal 
corridor space on smile attractiveness which was judged by lay persons. Smiling images of 
10 randomly selected subjects were taken and altered the amount of visible dentition using 
Adobe Photoshop. A panel of five altered images of 10 subjects were prepared and analysed 
by 30 lay persons. The authors concluded that broad smile fullness (minimal buccal 
corridors) was found to be more attractive than narrow smile fullness. Minimal buccal 
corridor for both men and women was considered as a preferred esthetic feature and large 
buccal corridors should be included in the problem during orthodontic diagnosis and 
treatment planning. 
Silvia Geron et al
17
 (2005) conducted a study to determine the variations in upper 
and lower gingival display during smile and at speech and incisal plane tilting in the esthetic 
perception of men and women. The sample consisted of 75 virtual photographs of smile and 
at speech. The attractiveness of smile were rated by two groups of lay people using the 
photographs with varying amounts of gingival exposure of the upper and lower teeth and also 
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the gingiva and with varying degrees of incisal plane tilting. They concluded that higher oral 
and dental attractiveness is expected more from the women than men. One mm of upper 
gingival exposure during smile and speech was graded as esthetic. The incisal plane tilting 
found to be unesthetic when it was above two degrees of deviation from horizontal directions. 
Dustin Roden-Johnson et al
48
 (2005) had reported the effects of buccal corridor 
spaces (BCS) and arch form in smile esthetics using the smile photographs. Post-treatment 
frontal smile photographs of 20 orthodontically treated female patients and 10 untreated 
subjects were obtained for the study. All photographs were standardized using Adobe 
Photoshop and the buccal corridor space was evaluated. From the results they concluded that 
broader arch forms were more esthetic than the narrow tapered arch forms and arch forms of 
untreated subjects. There was no effect on the ratings of the smiles in the presence or absence 
of buccal corridor space. 
Vicky V. Tarantili et al
61
 (2005) had done a study to record and analyze the dynamic 
nature of spontaneous smiles. Spontaneous smile videos of fifteen subjects (9 girls and 6 
boys) were recorded with hidden camera and the video frames were digitized. From the 
frames, the commissure width, upper lip height, interlabial gap and eye width were measured. 
The results showed that the upper lip was elevated by 28%, relative to the rest position, the 
commissure width increased by 27%. The corners of the mouth were moved laterally and 
superiorly at an angle of approximately 47° and the smiles of the subjects were developed in 
a staged fashion. The author concluded that it was unpredictable and doubtful validity with 
the use of photographic capture of a smile and the facial changes using video recordings and 
graphical presentation might provide more comprehensive information for assessment of 
facial esthetics. 
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Ritter et al
46
 (2006) reviewed the smile, such as dental midline, dental exposure, 
smile line, dental proportion, negative space and symmetry. They found that balanced smile 
was achieved when an adequate positioning of teeth within themselves and also with the 
gingiva and soft tissues. To increase the smile esthetics, it is important to achieve proper 
buccal corridor dimensions. They showed that the subjects having broader smile that shows 
more of posterior teeth were considered as pleasing than the smile that shows fewer posterior 
teeth. The author told that reduced lighting during examination creates a gradual darkening 
and hiding of posterior teeth, thus requiring standardized photography.  To achieve optimal 
tooth positioning within the soft tissue and the skeletal characteristics of each patient, the 
orthodontist must know the principles of esthetics that govern facial and dental harmony. 
Ritter et al
47
 (2006) measured and verified the esthetic influence of negative space 
(NS), during smile in millimeters and in percentage in relation to the smile width. In this 
study they used 60 smile photographs with complete permanent dentition from 60 subjects. 
The esthetic evaluation was done by two orthodontist and two laypeople using visual analog 
scale. Results showed that the mean negative space for each patient was 6.68 mm (+1.99 
mm). The negative space was significantly greater in men than in women when measured in 
millimetres and it was concluded that in this study both orthodontists and lay people did not 
consider the negative space as an important factor in esthetic evaluation.  
Erdal Isiksal et al
23
 (2006) compared smile esthetics among the extraction and non-
extraction patients and also certain dentofacial characteristics in those groups and discussed 
the relation between these features and smile esthetics. Smile photographs of 25 extraction, 
25 non-extraction, and 25 untreated control subjects with well balanced faces and good 
occlusion were used for the study. The facial photographs of subjects were judged by 10 
orthodontist, 10 plastic surgeons, 10 dental specialists, 10 general dentists, 10 artists, and 10 
parents. The author concluded that Class I subjects with ideal occlusions treated with or 
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without extractions had no differentiation in smile esthetics by 6 panels of judges and only 
the transverse characteristics of the smile had little significance to an attractive smile and the 
maxillary gingival display found to be have definite effects on smile esthetics. 
Sanjay Manhar Parekh et al
40
 (2006) had conducted a study to determine the 
changes in attractiveness of smile on the basis of computerized variations of smile arcs and 
buccal corridors for both male and female smiles that was judged by orthodontists and 
laypersons.  One frontal extra-oral photograph and intra-oral photograph of ideally aligned 
teeth were modified using Adobe Photoshop. And using a three-dimensional spherical render 
function, a set of teeth were morphed to modify the curvature of the incisal edges to fit 12 
curves. They altered the smile arc and buccal corridor digitally and rated the attractiveness 
using a visual analog scale in a Web-based survey. The study concluded that less 
attractiveness of smile was found in excessive buccal corridors and flat smile arcs both in 
males and females. Flat smile arc decreases the attractiveness ratings regardless of the buccal 
corridor. 
Pieter A. A. M. van der Geld et al
16
 (2007) developed a method to measure the tooth 
display both in smile and speech. Spontaneous smile of 20 subjects were captured twice with 
digital video camera. For each subject four digital video recordings were made: spontaneous 
smile of joy, posed social smile, speech, and full dentition with the aid of cheek retractors. 
After recording the video, the data were transferred to the computer and it was analysed on 
videoframe level. The results concluded that the videographic method is more reliable means 
of measuring the tooth display and lip position in spontaneous and posed smile and during 
speech. 
Pieter Van der Geld et al
65
 (2007) investigated the attractiveness of smile and 
determined the role of smile line. Sample size of 122 randomly selected subjects were used 
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for the study and divided into three groups. A spontaneous smile of joy was recorded by 
digital videographic measurement method and the smile line height for each tooth in the 
maxilla was measured. The results showed that the size and visibility of teeth, and upper lip 
position were the critical factors when evaluating the self-perception of smile attractiveness. 
The critical factors in satisfying the smile appearance were colour of teeth and gingival 
display. The disproportional gingival display of smiles were judged as negative and 
correlated with personality characteristics. 
Adam J. Martin et al
33
 (2007) done a study to assess the effect of various sized 
buccal corridors on smile attractiveness. One female smile photograph that displaying first 
molar to first molar (M1 – M1), was digitally altered using Adobe Photoshop and produced 
(1) smiles that filled 84, 88, 92 and 100% of oral aperture, (2) second premolar to second 
premolar smiles in photograph (PM2 – PM2) that filled 84, 88, 92, and 96 per cent of the oral 
aperture. The smile photographs were analysed by 82 orthodontists and 94 laypersons. They 
concluded that the orthodontist and laypeople rated photograph with small or no buccal 
corridors were significantly more attractive than those with large buccal corridors. Laypeople 
preferred PM2 – PM2 smiles were more attractive than M1 – M1 smiles whereas 
orthodontists rated M1 – M1 smiles as more attractive. 
Christopher Maulik et al
34
 (2007) had conducted a study to provide norms for the 
smile measurements and to compare some of the smile measurements in orthodontically 
treated and untreated groups. A sample of 230 subjects were obtained and divided into three 
groups non-orthodontically treated (n=73), orthodontically treated with RME (n=70), and 
orthodontically treated without RME (n=87). A smile video of each subject was recorded and 
analysed the anterior height of the smile, posterior height of the smile, smile arc and buccal 
corridor percentage. The results showed that the majority of orthodontically treated subjects 
had flat smile arc than nontreated group and average buccal corridor of 11%. RME group had 
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significantly less buccal corridor compared with the non-expanded subjects. The study concluded 
that the orthodontic treatment might not flatten the smile arc and subject treated with RME 
appears to be associated with a decreased buccal corridor. 
Vinod Krishnan et al
66
 (2008) had done a cross-sectional study to evaluate the 
perception differences of frontal smile views between dental specialists and laypersons in 60 
young aged subjects (mean age – 21 years). Photographs were taken for each subject with 
posed smile after seating them in a cephalostat with natural head position. Each photograph 
was opened in the computer software and analysed. The smile characteristics involving smile 
arc, buccal corridors and a modified smile index were measured. They concluded that there 
were no difference between the laypersons and dental specialists on overall smile evaluation 
and found females with more consonant smiles than males. Consonant smiles should not be 
disturbed by an orthodontist but create them with proper bracket positioning. There were no 
significant difference found between the right and left buccal corridors in both sexes. 
Pieter Van der Geld et al
15
 (2008) conducted a study to analyse the lip line heights 
and the age effects in an adult male population at spontaneous smiling, speech, and tooth 
display in natural rest position. Digital videographic measurements of 122 randomly selected 
subjects were used for the study. From the results they found that during spontaneous smiling 
the maxillary lip line heights were higher in the premolar area than at the anterior teeth and 
this maxillary lip line heights were decreased significantly in older patients. The lip coverage 
of the maxillary teeth were increased significantly which indicates that the effects of the 
       ’  age should be included in orthodontic treatment planning. 
Laurie McNamara et al
36
 (2008) had done a study to investigate how the various 
skeletal, dental and soft-tissue relationships were related to the esthetics of the smile before 
orthodontic treatment in patients with malocclusions. Posed smile of 60 growing patients (33 
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girls, 27 boys) seeking orthodontic treatment were captured from the digital video clips and 
the results of a visual analog scale shows the                     “       g      ” which was 
identified by discriminant analysis. It was found that the vertical thickness of the upper and 
lower lips were the most significant components of a pleasant smile for both orthodontist and 
laypersons. They concluded that the most influential variable in smile esthetics was vertical 
lip thickness and when planning the orthodontic treatment, the vertical thickness of the 
vermilion border of the upper lip along with incisor protrusion must be considered. 
Brian J. Schabel et al
55
 (2008) evaluated the correlations between the smile esthetics 
and components of the ABO Objective Grading System developed by the American Board of 
Orthodontics. Clinical photographs of 48 orthodontically treated patients including subjects at 
repose, during smiling, and in profile were recorded using digital camera and a panel of 25 
experienced orthodontists and 20 parents of orthodontic patients rated the images for 
evaluating the attractiveness of smile. The study concluded that there were no correlation 
between the esthetics of smile and components of the ABO Objective Grading System. For 
assessing the overall orthodontic treatment outcomes, the author suggested to incorporate 
additional criteria, including variables evaluating the smile.  
Shyam Desai et al
10
 (2009) evaluated the age-related changes in the smile of 221 
subjects. Videographic equipment was used to capture the images and they were divided into 
5 groups. Each file was opened in Adobe photoshop and measurements were analysed. The 
measurements involving the upper lip length at smile and repose, maxillary incisal display at 
smile, upper lip thickness at smile and repose, smile index, smile arc, interlabial gap at smile, 
intercommissural width at rest and percentage of buccal corridors were analysed. Also to 
study the perioral changes from rest to smile and they compared them with increasing age. 
The author concluded that the smile gets narrower vertically and wider transversely. The 
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measurements of dynamic smile indicates that with increasing age the muscles ability to 
create smile decreases. 
Hideki Ioi et al
22
 (2009) had conducted a study to test the hypothesis that there was 
no influence on smile evaluations of Japanese orthodontists and dental students with the 
amount of buccal corridors. One intra-oral and extra-oral photograph of smiling female, 
displaying first molar to first molar was recorded. In the smile photograph, the buccal 
corridors were modified into six different sizes digitally: extrabroad (0% buccal corridor), 
broad (5% buccal corridor), medium-broad (10% buccal corridor), medium (15% buccal 
corridor), medium-narrow (20% buccal corridor), and narrow (25% buccal corridor) and 
these photographs were rated using visual analog scale. The study concluded that there was 
no significant difference in judging the effects of buccal corridors between the male and 
female raters for both the orthodontists and dental students on smile attractiveness. They 
preferred broader smiles to medium or narrow smiles. 
Brian J. Schabel et al
54
 (2009) had done a study using clinical photography to 
analyze the relationships between subjective evaluations of posttreatment smiles and rated by 
a panel of orthodontists and parents of orthodontic patients. Smiles of 48 orthodontically 
treated patients were photographed digitally and images were rated by a panel of 25 
orthodontists and 20 parents of patients. The results showed that during smiling significantly 
greater distance was found between the incisal edge of the maxillary central incisors and the 
lower lip in subj              “     u           ”        and significantly smaller smile index 
was found in subjects with “               ”       . The author concluded that the objective 
measure of the smile could not predict attractive or unattractive smiles as judged subjectively. 
Brian J. Schabela et al
56
 (2010) tested the null hypothesis that there were no 
significant differences clinically between the clinical photography and the digital video clips 
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in post–orthodontic treatment images of smiles of subjects. Subjects with age range from 12 
to 20 years were selected for the study. From the extra-oral photographs, subject in repose, 
during smiling, and in profile view were captured and analysed. In digital videography 
smiling video clips of subjects were recorded and transferred to the computer and then 
converted into JPEG file format for comparison. Smiles captured by clinical photography and 
those captured with digital video clips showed a significant positive correlation between 
Smile Mesh measurements. They concluded that the digital video clips offer more amount of 
information for analysing the dynamic characteristics of smile, but a standard digital 
photography allows to immediately view the results and it was found to be a valid tool for 
analysis of the post-treatment smile. 
Rabia Bilal et al
6
 (2010) determined the perception of smile by orthodontists and 
general practitioners assessed the most preferred smile attribute in smile assessment. The 
smile photographs of 31 subjects were taken by one single operator in a relaxed position. The 
orthodontists and general practitioners rated the 31 smile photographs using visual analogue 
scale on 6 attributes of smile mesh. It was found that among orthodontists and general 
practitioners the preference of various smile differs in rating them on the attractiveness of 
smile. 
David C. Havens et al
19
 (2010) evaluated the role of orthodontics in improving the 
posed smile and to investigate the characteristics involved in rating facial attractiveness. The 
frontal pre-treatment and post-treatment smile photograph of 48 white female subjects were 
used and evaluated by 20 orthodontists and 20 laypersons. The results showed that the more 
attractiveness was found in pre-treatment face without the smile than face with the smile or 
the smile-only photographs. The author concluded that the overall facial esthetics was the 
most important characteristic used in deciding the facial attractiveness and there was a 
negative impact on facial attractiveness because of the presence of malocclusion. 
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Pieter Van der Geld et al
64
 (2011) compared the 2 semiquantitative methods with 
quantitative measurements for reliability and agreement. In this study a spontaneous smile of 
joy, a posed social smile, and full dentition of 122 subjects were recorded with the aid of 
cheek retractors. With the help of digital video camera, maxillary lip line heights and tooth 
display were digitally measured and visually estimated according to 3-grade and 4-grade 
scales. They concluded that 3-grade scale (visual) semiquantitative estimation was commonly 
used approach in orthodontics and esthetic dentistry mainly for the estimation of the smile 
line in the anterior maxillary region and it showed highest reliability. 
Nathan C. Springer et al
60
 (2011) had done a study to quantify the ideal and the 
range of acceptable values for smile variables from a full-face perspective for comparison 
with lower-face data which was judged by laypersons. The parameters include smile arc, 
buccal corridor fill, maxillary gingival display, central incisor gingival margin discrepancy, 
maxillary midline to face, maxillary to mandibular midline discrepancy, maxillary anterior 
gingival height discrepancy, incisal edge discrepancy, and cant. The parameters were judged 
by ninety-six laypersons. They found that most smile characteristics have large acceptable 
range and all the measures have fair to moderate reliability, except the buccal corridor limits, 
which had poor reliability and achieving an esthetic smile is clinically possible because many 
esthetic variables complement each other. 
Varun Pratap Singh et al
59
 (2011) described the principles of smile analysis when 
planning the orthodontic treatment and various attributes of a pleasing smile. Digital 
videography was used to record anterior tooth display during smiling and speech at the 
equivalent of 30 frames per second. Philtrum and commissure height, interlabial gap, smile 
arc, incisor show at rest and smile, crown height and gingival display were the systematic 
measurements of resting tooth lip relationships needed to quantify the treatment plan. The 
author concluded that the smile of the patient should be given adequate importance because 
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most of the people interact with each other facing each other directly or obliquely and when 
treating problems associated with the smile, extreme clinical observation and taking 
orthodontic records in the form of photos and videos is warranted in both frontal and oblique 
dimensions. 
Sabrina Elisa Zange et al
70
 (2011) determined the esthetic perceptions of laypersons 
and orthodontists regarding the size of buccal corridors in dolichofacial and brachyfacial 
individuals. Smile photographs of eight individuals (four with a long face and four with a 
short face) were recorded with digital camera and modified into five sizes of negative spaces 
in the buccal corridors (2%, 10%, 15%, 22%, and 28%) and the smile attractiveness were 
assessed. Author concluded that it was difficult to differentiate degrees of the buccal corridor 
in subjects of dolicofacial for laypersons. For the orthodontists, the difference between the 
long-face and short-face patterns was found when the buccal corridor was 10% and 22%. On 
overall smile esthetics, the presence or absence of negative spaces in the buccal corridors has 
only little influence.  
Guilherme Janson et al
24
 (2011) reviewed to analyse the scientific evidence of the 
influence of some variables on smile attractiveness such as orthodontic treatment, buccal 
corridor, smile arc, midline position and axial midline angulation. The literature for the 
review was searched through PubMed, Web of Science, Embase, and All EBM and finally 20 
articles from the selected abstracts were evaluated by three researchers. They concluded that 
there were no significant difference in smile attractiveness between orthodontically treated 
subjects and subjects with well-balanced faces. In the influence of buccal corridor, two 
articles showed no correlation between the buccal corridors and smile esthetics and other 
articles showed that the large buccal corridors are considered less attractive. Regarding the 
smile arc, consonant smile arc was considered the most acceptable smile arc variation in three 
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articles and the other articles showed that the males with flat smile arc and females with flat 
or consonant smile arc was stated as more attractive. 
Catherine McLeod et al
35
 (2011) evaluated the cultural differences regarding 
C          y       ’                                and compared these data with the US 
data. A digital image of a posed smile was prepared and altered the buccal corridor (BC), 
gingival display (GD), maxillary midline to face discrepancy (MMFD), occlusal cant (OC) 
and lateral central gingival discrepancy (LCGD) using Adobe Photoshop 7 in the sexually 
ambiguous lower face. They concluded that the significant difference was found in buccal 
corridor by about 5.27 mm between Canadian and US laypeople and on average Canadian 
laypersons were more sensitive to deviations and had a narrower range of acceptability. 
Kavita Sachdeva et al
50
 (2012) had conducted a study to evaluate the role of smile in 
overall facial esthetics. The study includes smile photographs of 100 Himachali subjects 
taken in natural head position with ages ranged from 15 to 29 years. From each photograph 
they analysed the length of the upper lip and lower lip at rest and during smile, buccal 
corridor, smile index, thickness of upper and lower lip, incisal display and intercommissural 
width. The results showed that the maxillary incisal display and interlabial gap was 
significantly decreased at smile with increasing age, and there was an increase in outer 
commissure width and lower lip length. Also they found that there was a presence of larger 
upper lip length and lower lip length at rest and during smile in Himachali males than 
Himachali females. 
Tripti Tikku et al
62
 (2012) had conducted a study to evaluate the buccal corridor 
space in smile esthetics and correlated it with underlying hard tissues. Frontal photographs of 
posed smile, digital posterior-anterior (PA) cephalograms, and study models of patients 
consisting 25 males and 25 females in age range of 18-25 years were taken for the study. The 
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results found that the buccal corridor width was least in subjects of attractive smile and 
maximum in least attractive smile group. The author concluded that more the amount of 
buccal corridor width, the less attractive were the smile images. The buccal corridor space 
has mild to moderate inverse correlation in the intercanine and intermolar width but they 
were not influenced by underlying skeletal hard tissues. 
Hideki Ioi et al
21
 (2012) evaluated the influence of size of the buccal corridors during 
the assessment of smile attractiveness by Japanese and Korean orthodontists and orthodontic 
patients. Intra-oral and extra-oral smile photograph of one female subject were obtained and 
the buccal corridors were modified using Adobe Photoshop from 0% to 25% and compared 
with the inner intercommissural width. The smile images were rated by 41 Japanese and 25 
Korean orthodontists, and 96 Japanese and 72 Korean orthodontic patients. Results showed 
that there was significant difference in all the four groups with buccal corridors of 0%, 5%, 
and 10%. They concluded that the narrow or medium buccal corridors to broad buccal 
corridors tend to be preferred smile when compared to other smiles. 
Patil Chetan et al
8
 (2013) had evaluated the smile with different age groups and 
detected the gender differences in smile using digital videographic records of 241 subjects. 
The videos of the subjects were transferred to the computer and analysed using the Adobe 
photoshop 6.0. The measurements taken from the smile and rest photographs were upper lip 
length, upper lip thickness, outer intercommissural width and commissural height. The results 
found that all the dynamic measurements including the change in upper lip length, upper lip 
thickness, intercommissural width and commissural height from rest to smile were decreased 
with age in both males and females. On smiling the upper lip length and commissure height 
were greater in males than females of same age groups and the females had greater 
intercommissural width than males in all age groups. 
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Bhavna Singh et al
5
 (2013) evaluated the changes in characteristics of perioral 
musculature at rest and during smiling, with respect to gender and age which was measured 
in a randomly selected sample of a North Indian population along the vertical plane. Perioral 
musculature of 195 subjects was used and analysed using digital videography. From the rest 
and smile frame they measured upper lip length, upper lip thickness, maxillary incisor 
display, gingival display, interlabial gap, smile height and smile arc. The results showed 
significant age related and gender differences in their perioral musculature both at rest as well 
as when smiling with increasing age. The study indicated that the resting upper lip length for 
females were increased and thickness of the upper lip, maxillary incisor exposure, and lip 
elevation for males were decreased. During smiling upper lip length for both sexes were 
increased. 
Priya K. et al
44
 (2013) attempted to put forward the different parameters for crafting 
a pleasant smile. Using the standardized digital videography, the clinician can capture a 
       ’        ,      ,              y g     u       at the same time. The author concluded 
that the clinician should create not only an admired look, but the ability to harmonize with 
hard and soft tissues. Smile arc should not be flattened during the orthodontic treatment 
procedure, maxillary and mandibular central incisor midline should coincide with the facial 
midline and the first molar to first molar smile were revealed as highly esthetic. 
Angela I-Chun Lin et al
9
 (2013) had done a study to examine whether there was any 
specific attributes of dynamic smile involved in esthetic ratings and the role of the eyes in 
esthetic measurements. Four facially balanced female dental students were trained to produce 
8 different smiles and videos of their faces were captured carefully and presented to 2 panels 
of raters. They concluded that the increased recruitment of muscles increases the smile 
esthetics and when the eyes (orbicularis oris) were visible to the raters, the ratings were 
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higher and they found that static smile images were perceived differently from dynamic smile 
videos. 
Burcak Kaya et al
28
 (2013) had conducted a study to evaluate the influence of the 
smile arc along with the amount of maxillary gingival display judged by orthodontists, 
dentists, and laypersons. Using image-processing software, the frontal photograph of 2 
women with ideally aligned teeth was modified using Adobe Photoshop and 7 smile arcs, 
from flat to vaulted, were obtained and these photos were combined with 4 different amounts 
of maxillary gingival display. The photographs were colour printed and given to the raters for 
evaluation. It was concluded that insufficient gingival display in flat smile arc and vaulted 
smile arcs are preferred with excessive gingival display. The perception of smile 
attractiveness was influenced negatively by gingival display in all rater groups. 
Sercan Akyalcin et al
57
 (2014) had done a study to investigate the denominators of 
an esthetically pleasing smile in the successfully treated patients who were considered by the 
American Board Orthodontics (ABO) clinical examination. Standardized smile photographs 
of 90 subjects were taken digitally using Canon EOS SLR camera. The photographs of 
subject were rated by 10 parents, 10 general dentists and 10 orthodontists. The panel 
members were asked to evaluate smile attractiveness using a numeric version of the visual 
analog scale. Eleven smile characteristics were measured on the photograph which includes 
smile height ratio, smile arc, gingival display, intercommissure width, smile frame, right and 
left buccal corridor space. The study concluded that less gingival display and harmonious 
smile arc relationship during a smile were found to be associated significantly with smile 
attractiveness in patients who were considered successfully treated according to ABO 
standards. 
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Anthony L. Maganzini et al
4
 (2014) quantified the smile esthetics following 
orthodontic treatment and determined whether there was any correlation between these 
changes and the severity of the initial malocclusion. They evaluated nine lip-tooth 
characteristics in 47 subjects using standardized smile mesh analysis. Results showed that 
smile measurements were improved in five characteristics in both groups after orthodontic 
treatment. It was found that incisor exposure, gingival smile line, smile width and smile arc 
were improved and there was a decrease in the buccal corridor space. The author concluded 
that the treatment of initial severity of the malocclusion improves the smile esthetics 
orthodontically and the treatment of patients having more complex orthodontic issues and 
their minor malocclusions were found to be equal in terms of their smile esthetics.  
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MATERIALS AND METHODS 
The present study was conducted on 229 subjects randomly selected from the 
students, staff, residents, faculty and parents/guardians of patients at the KSR Institute of 
Dental Science and Research, Tiruchengode to evaluate the smile in different age groups. 
Initial data were collected sequentially on 229 subjects; of these 29 subjects were 
excluded because of various videographic errors :  
  Patient positioning errors– 11 subjects 
  Videographic processing errors – 8 subjects 
  Inadequate smile recorded – 10 subjects 
The remaining 200 subjects were divided in four groups with the following age ranges, 
 Group I      – 15 to 20 years  
 Group II    – 21 to 30 years  
 Group III   – 31 to 40 years  
 Group IV   – 41 to 50 years  
With each group containing 25 males and 25 females 
INCLUSION CRITERIA: 
1. Subjects of 15 to 50 years of age who are willing to volunteer in the study were 
included. 
2. Class I subjects with well balanced faces/orthognathic profile. 
3. No previous orthodontic treatment or maxillofacial surgery. 
4. Complete permanent dentition. 
5. Good periodontal health. 
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6. Non caries anterior teeth. 
EXCLUSION CRITERIA: 
1. Gross facial asymmetry. 
2. Visible periodontal disease. 
3. Prosthetic or Restorative work on tooth. 
4. Excessive attrition. 
5. Lip irregularities (incompetent, potentially incompetent, short lips, etc.) 
6. Missing teeth that could have been visible on smile. 
The research protocol was approved by the Ethics Committee of KSR Institute of Dental 
Science and Research, Tiruchengode, Namakkal district, Tamilnadu. 
SMILE RECORDING AND MEASUREMENTS: 
The subjects were explained that this was a study on smile involving a 5 to 10 second 
video clip of a small part of the face. An informed consent either in English or in Tamil was 
obtained from each subject who agreed to participate in the study. 
The videographic equipments for recording the smile were based on the guidelines 
established by previous studies.
31,52 
A Canon DSLR – 600D camera with full video HD 
recording in 24, 25 and 30 fps, ISO 100-6400 was set on the tripod to record video at a 
distance of  4 feet from the subject (Figure 1). Continuous focusing portrait light were kept 
behind the camera to prevent shadows in the video (Figure 2).   
 The subjects were asked to sit on an adjustable stool. To avoid errors in head 
positioning the subjects were instructed to position their head in natural head position by 
looking straight into a mirror at eye level. To further standardize the head position a spirit 
bubble was fitted in the center of the spectacle frame (Figure 3&4) and given to the subject. 
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Thereby the errors associated with head positioning were minimized. If the head position 
required any correction, then the reasearcher helped the subject to keep it in natural head 
orientation.
31
 
The spectacle frame also had a clipped-on reference scale to get a calibration in the 
digital measurement program.
16
 To standardize the orientation of the video camera lens, the 
lens was adjusted before the recording begins and it was adjusted to be parallel to the occlusal 
plane to continuously register the face.
10
  
To achieve a relaxed lip position the subjects were asked to lick the lips and then 
swallow. Then the subjects were instructed to say ‘‘Subject number’’ which was given by the 
researcher and then smile. The recording began 1 second before the subject started speaking 
and it ended after the smile.
8 A posed smile was recorded in this way with the minimal 
intrusion of the subject. The posed smile was considered as a voluntary and easily 
reproducible smile that was routinely used to evaluate the facial esthetics and smile 
characteristics.
1,45
  
The video clip, thus obtained, was transferred to a computer and then it was converted 
into sequential images (30 images per second) with a video-editing software program (Adobe 
Premiere, version 6.0, Adobe, San Jose, Calif) so that the dynamics of smile could be 
observed frame by frame. Each frame was then analyzed, and finally two frames were 
selected for the study. The first frame represented the relaxed lip position with the subjects 
lips at rest, and the second frame represented the subjects natural unstrained posed smile 
which was the widest commissure-to-commissure smile selected from a sum of 10 frames 
showing identical smiles. Thus the selected final smile image represented a sustained and 
hence repeatable smile position.     
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Each file was opened in Adobe Photoshop CS2 (Adobe Systems, San Jose, Calif) and 
adjusted by using the millimeter ruler in the frame. Calibration of the software was done as 
shown in the previous studies by Desai et al.
10
  
The following procedure was used to adjust each picture. First, the resolution of the 
picture was changed to 300 pixels per inch by going to ‘‘image > image size.’’ Then, the 
ruler function was chosen and set to millimeter. In the ruler, a 10-mm area, parallel to the 
lens, was measured. The  measured number was divided into 10 parts (10/measurement on 
JPEG file) and multiplied by the width value found in image size screen (image>image size). 
The resulting number was copied and pasted in the place of width reading, and these changes 
were applied to the JPEG file. To check the accuracy of these steps, the 10-mm area on the 
ruler was measured again and if the values corresponded each other, the measurements were 
directly recorded from the JPEG file.  
 The linear measurements were made on the rest and smile photographs as shown in 
Figure 5 and 6 and in Table 1. 
Table 1: Measurements used in this study 
MEASUREMENT DESCRIPTION 
Upper lip length ULL Distance measured between Subnasale and Stomion superius 
Upper lip thickness ULT Distance measured between Labrale superius and Stomion 
superius 
Outer 
intercommissural 
width 
OCW Distance measured between right and left Inter-commissure 
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Commissural height CH Distance measured from the horizontal line passing through 
Subnasale to Outer commissure 
(if right and left commissures were not at the same levels, 
then average of the two measurements was used) 
Interlabial gap at 
smile 
IG Distance measured from the midpoint of the lips when a 
patient is relaxed and smiling 
Smile index SI Determined by dividing the Outer intercommissural width by 
the Interlabial gap height during smile 
Smile arc SA Relationship between the curvature of the incisal edges of 
the maxillary anterior teeth and the curvature of the upper 
border of lower lip 
Buccal corridor space BC Distance measured from the mesial line angle of the 
maxillary first premolars to the interior portion of the 
commissure of the lips 
 
The measurements obtained were divided into four groups: 
 Group I      – 15 to 20 years – 25 Males and 25 Females (Figure 7) 
 Group II    – 21 to 30 years – 25 Males and 25 Females (Figure 8) 
 Group III   – 31 to 40 years – 25 Males and 25 Females (Figure 9) 
 Group IV   – 41 to 50 years – 25 Males and 25 Females (Figure 10) 
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STATISTICAL ANALYSIS 
 
The mean and standard deviation for each parameter were estimated from the samples 
in each group. The groups were compared by two factor – 1. Age group and 2. Sex 
To find out the significant difference between the males and females within the 
groups and between the groups, the Student’s t-test were used. 
Multiple comparison of each parameter in four groups were determined using 
Duncan multiple range post hoc test.   
The formula used to assess the student paired t-test was 
                 t     =       d   / SE (d) 
Where  
SE (d) =   Standard error of d 
                  S / √n   ∑n 
S    =        i=1 (di-d)
2
 
             n - 1       
 
         ∑n   di         
d      =                        i = 1 
   n               
Where di is the difference of the observation at two time points 
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The variability between the samples of four groups namely Group – I (15 to 20 years), 
Group – II(21 to 30 years), Group - III(31 to 40 years) and Group - IV(41 to 50 years ) were 
determined using ANOVA (Analysis of Variance) 
The formula used for the ANOVA analysis was 
 ANOVA   =           BMS- WMS 
                            BMS + (n-1) WMS 
Where  
BMS = between subjects mean sum of squares 
WMS = within subjects mean sum of squares 
 n = Number of measurements. 
 
P value of less than 0.05 was considered to be statistically significant. 
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RESULTS 
The results were shown in Tables 4 through 11. The mean, standard deviation and p-
value were calculated for each parameter in this study. Table 4 shows the descriptive 
statistics and significance of mean differences of rest position measurements between males 
and females. The upper lip length, outer commissural width and commissural height showed 
increase with age in both males (19.86mm to 22.70mm) and females (18.68mm to 18.79mm) 
at rest. The upper lip length of males at rest in group 2, group 3 and group 4 showed 
significantly higher as compared to females. The upper lip thickness were significantly 
decreased from group 1 to group 4. Upper lip thickness and outer commissural width of 
males in group 1 and group 2 were significantly higher than females in the same group. The 
commissural height at rest showed highly significant difference between males and females 
in all the four groups at rest. 
Table 5 shows the descriptive statistics and significance of mean differences of smile 
measurements between males and females. Upper lip length of males in all the four groups 
was significantly higher as compared to females. The upper lip thickness showed highly 
significant difference between males and females in group 1 (P=0.001) and significant 
difference in group 2 (P=0.01). Outer commissural width on smiling of males in group 1 and 
group 3 were found to be significant when compared to females. Commissural height on 
smiling of males in all the four groups were significantly higher as compared with females.    
Interlabial gap (P=0.05) and smile index (P=0.01) of males were found to be significant in 
group 4 when compared with females. 
Table 6 shows mean values and standard deviations of parameters according to sex 
distribution at rest position. The upper lip length, upper lip thickness, outer commissural 
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width and commissural height showed highly significant difference between males and 
females on overall comparison (P=0.001).  
Table 7 shows the mean values and standard deviations of parameters according to 
sex distribution during smile position. Highly significant difference (P=0.001) were found in 
upper lip length, upper lip thickness, outer commissural width and commissural height 
between males and females at rest and smile arc found to be significant (P=0.01)    
Table 8 shows the mean values, standard deviation and p-value of parameter 
according to age at rest position. There were highly significant age-related difference found 
in upper lip thickness (P=0.001) and significant differences in upper lip length (P=0.01), 
outer commissural width (P=0.01) and commissural height at rest (P=0.01).  
Table 9 shows the mean values, standard deviation and p-value of parameter 
according to age during smile. There is a highly significant difference found in upper lip 
thickness (P=0.001) and outer commissural width (P=0.01), interlabial gap (P=0.01) and 
smile index (P=0.01) found to be significant. 
Table 10 shows the multiple comparisons and  mean difference among subgroups at 
rest. The data demonstrated a highly significant difference found between group 2 and group 
4 in upper lip thickness (P<0.05) and significant difference between group 1 and group 4 in 
upper lip length (P<0.05) and thickness (P=0.01) and between group 1 and group 3 in upper 
lip length (P<0.05). 
Table 11 shows the multiple comparisons and mean difference among subgroups 
during smile. There were highly significant difference between group 1 and group 4, group 2 
and group 3, group 2 and group 4 in upper lip thickness (P<0.001). Outer commissural width 
in group 4 were found to be significant as compared to group 1 and group 2. 
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WORKING TABLES 
Table 2 : Samples and measurements taken for the study – Rest position 
GROUP-I 
S.NO. NAME AGE SEX ULL ULT OCW CH 
1 Aravinth 18 M 15 8.5 50 22 
2 Aravindan 17 M 23 12.5 48 23 
3 Arunkumar 19 M 10.5 10 59 22 
4 Bharath 19 M 16 8 55 16 
5 Dinesh 18 M 19 8 49 19 
6 Gowtham 18 M 19.5 10 53.5 18 
7 Kavin kumar  18 M 18 6 50 20 
8 Manikandaprasath 18 M 25 11 47.5 25 
9 Saravana kumar 17 M 20 6 52 21 
10 Selvamani 17 M 22.5 11 50 24 
11 Subramani 17 M 17.5 8 51 19 
12 Jithin 18 M 22 11 46.5 22 
13 Satheesh 18 M 18 10 50 21 
14 Sriram 18 M 20 10 50 22.5 
15 Mohan 18 M 23.5 8 50 23 
16 Gijo 19 M 19 12 57.5 19 
17 Sugapradeep 19 M 22 9 46 22 
18 Faizal 19 M 22.5 11 50 24 
19 Armash 18 M 17.5 8 51 19 
20 Venu 17 M 15 8.5 50 22 
21 Siva 18 M 25 11 47.5 25 
22 Raja 18 M 23.5 8 50 23 
23 Rajesh 19 M 23 12.5 48 23 
24 Vivek 18 M 20 10 50 22.5 
25 Guruprasath 18 M 19.5 10 53.5 18 
26 Hema 19 F 18.5 8 50.5 18.5 
27 jayapriya 19 F 18 10 49 18 
28 Kokila 19 F 22.5 8 48 22.5 
29 Arthi 17 F 18.5 6.5 47.5 18.5 
30 Asha 17 F 19 8.5 54 19 
31 Dhivya 17 F 16.5 9 45.5 16.5 
32 Brinda 17 F 17 9 45 18 
33 Deepika 19 F 16 8 50 18 
34 Indumathi 18 F 20.5 10.5 47 22 
35 Lavanya 17 F 22 10.5 46.5 24 
36 Manimala 18 F 20 8 43 18.5 
37 Keerthana 18 F 19.5 11 57 19.5 
38 Lalitha 17 F 18 8.5 56.5 19.5 
39 Priyanka  19 F 18.5 9 52 17.5 
40 Priyanka  18 F 20 9.5 44 20.5 
41 Sangavi 18 F 21 8 50 21 
42 Kowsalyadevi 19 F 17.5 7 48.5 19 
43 Mythili 20 F 15 8.5 47 14 
44 Surya kala 19 F 15.5 9 47 17 
45 Ramya 19 F 17.5 7.5 45 20 
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46 Ranjana 18 F 19 11.5 45 23 
47 Selvalakshmi 18 F 16.5 6.5 47 16.5 
48 Shalini 18 F 23 9 42 23 
49 Shanmathi  17 F 19 8 53 19 
50 Anushka Chandran 19 F 18.5 8 48 19.5 
 
GROUP-II 
S.NO. NAME AGE SEX ULL ULT OCW CH 
51 Sukumar 22 M 23 10 48.5 22.5 
52 Shanmugavel 28 M 18.5 8.5 43.5 18.5 
53 Ramkumar 23 M 20 10 46.5 20 
54 Arjun 23 M 23.5 7 48 24.5 
55 Rajendran 27 M 24.5 10 50.5 24.5 
56 Dinesh 23 M 20.5 11.5 48 22 
57 Vivek 23 M 28.5 10 51 28.5 
58 Kumar 23 M 20.5 11.5 48 22 
59 Sanoop 24 M 24 11 54.5 26 
60 Thiruvenkadam 29 M 23 9 57.5 22 
61 Prabakaran 26 M 22 9 50.5 24 
62 Santhosh 22 M 20 8 55 21 
63 Shahad 24 M 19.5 10 58.5 20.5 
64 Akhil Gopi 26 M 20 10 55 23 
65 Tomson Thomas 26 M 20 8.5 56 23 
66 Rigil 22 M 19 10 51.5 21 
67 Mugilan 23 M 20 10 54.5 24 
68 Sujith 23 M 23 10.5 47 23 
69 Tamilselvan 24 M 24 10 52 24 
70 Muthamil 24 M 28.5 10 51 28.5 
71 Sivaselvam 22 M 20.5 11 52.5 21.5 
72 Ramgopal 25 M 24 10 52 24 
73 Satheesh 27 M 20 6 52 21 
74 Sriram 25 M 18.5 8.5 43.5 18.5 
75 Suresh 24 M 20 10 46.5 20 
76 Santhiya 21 F 16.5 8 47 16.5 
77 Subashini 22 F 21.5 9.5 46 21.5 
78 Mohana 28 F 19.5 7.5 39 23 
79 Renuga 28 F 18 12 48 20 
80 Nandini 22 F 18 8 53.5 17 
81 Sowmya 22 F 20 10 45 20 
82 Sheetal 22 F 20.5 10 49 22 
83 Ishwarya 22 F 18 9.5 47.5 18 
84 Swarna 22 F 18.5 8 52 18.5 
85 Varadha 23 F 17 9 44 17 
86 Aliya 23 F 19.5 9 47.5 19.5 
87 Athira 22 F 19 8.5 48.5 20 
88 Benazir 22 F 19.5 7.5 50 19 
89 Minu Jose 21 F 22 10.5 48 14 
90 Sreeya 21 F 20 10 51 20 
91 Monisha 22 F 20 8.5 50 21.5 
92 Pradeepa 23 F 14.5 8 50 16 
93 Anureka 22 F 18 9 54 18 
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94 Jenifa 22 F 16 8.5 54 16 
95 Safu 22 F 19.5 8 52 20.5 
96 Saranya 21 F 18 10 53 18 
97 Tejus 22 F 21 8 49.5 22 
98 Kaviya 22 F 19 7.5 52 19 
99 Sivaranjani 24 F 17.5 8.5 45 17.5 
100 Ishwarya 24 F 19 7.5 41.5 20 
 
GROUP-III 
S.NO. NAME AGE SEX ULL ULT OCW CH 
101 Srinivasan 33 M 21 7 52 24 
102 Muthukumar 31 M 21.5 10 48 23 
103 Alagar Raja 32 M 27 11.5 50 27.5 
104 Saravana Kumar 36 M 20.5 10 49.5 21.5 
105 Sateesh Kumar 33 M 20.5 12 52.5 23 
106 Shankar  33 M 25 9 55.5 26 
107 Murugesh 33 M 19 9.5 48 22 
108 Manikandan 36 M 23 10 49 23 
109 Gopalsamy 37 M 22 8 55 23 
110 Madhivanan 39 M 19 11.5 53 19 
111 Karunamoorthi 39 M 21 7 52 24 
112 Kalingaraj 40 M 22 8 55 24.5 
113 Gopal 39 M 22 8 55 23 
114 Vijayakumar.R 33 M 25 12.5 46 26 
115 Makesh 35 M 23 7 50.5 23 
116 Kumar 34 M 25 9 55.5 26 
117 Rajesh 36 M 22 6 55.5 23.5 
118 Gunasekaran 35 M 20 8 54.5 19 
119 Muthusamy 32 M 19 6.5 54 19 
120 Dileepan 32 M 20 8 54.5 19 
121 Charles 36 M 23 7 50.5 23 
122 Narayanan 37 M 22 10 55 22 
123 Govindan 35 M 22.5 9 44 22.5 
124 Thambidurai 38 M 21.5 10 48 23 
125 Kandasamy 34 M 27 11.5 50 27.5 
126 Devaki 37 F 19 12 56 20 
127 Chithra 39 F 19.5 7.5 48 19.5 
128 Parameshwari 31 F 20 8.5 53.5 21.5 
129 Saraswathi 31 F 18.5 7 53.5 20 
130 Revathy 36 F 17.5 6.5 45.5 19 
131 Sarama 37 F 19.5 6 48 19.5 
132 Janaga 37 F 22.5 10 52 22.5 
133 Sangetha 38 f 21 7.5 51.5 21 
134 Sumathi 35 F 17.5 7 48 18.5 
135 Gomathi 34 F 20 7 52 20 
136 Annalakshmi 32 F 18 8.5 51 18 
137 Lilly 36 F 20 8 46 23.5 
138 Padmavathy 31 F 18.5 10.5 50 18.5 
139 Devi 31 F 24 7 48 25 
140 Valarmathi 38 F 18 9 45 18 
141 Sumathi 32 F 20 10 49 21.5 
142 Kaleshwari 32 F 19.5 8.5 46.5 19.5 
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143 Lalitha 33 F 13 6 53 13 
144 Gomathi 33 F 17 5.5 49 16.5 
145 Kalaiselvi 32 F 21 8 49 22 
146 Hemalatha 32 F 17 8 55 16 
147 Geetha 38 F 20 8 50 22 
148 Devi 34 F 20.5 7 47 22.5 
149 Krithika 34 F 21 10 51.5 20 
150 Barkavi 35 F 19 12 56 20 
 
GROUP-IV 
S.NO. NAME AGE SEX ULL ULT OCW CH 
151 Saravanan 44 M 20.5 6.5 52 24 
152 Ganesh 41 M 24.5 10 53.5 24.5 
153 Kumaravel 43 M 22.5 8 49.5 26.6 
154 Eswaran  42 M 23.5 9 49 23.5 
155 Murugan 41 M 25.5 7.5 49.5 25.5 
156 Srinivasan 45 M 22.5 7.5 49 26 
157 Natarajan 42 M 22 8 55 24.5 
158 Murugesan 50 M 24.5 8 56 26 
159 Raju 48 M 22 11 51 25.5 
160 Sivaraman 48 M 23 9 47 22 
161 Ramasamy 45 M 22.5 8.5 51.5 22.5 
162 Venkateshwaran 42 M 23.5 9 49 23.5 
163 Gurumoorthi 46 M 21 6 49 22 
164 Selvamani 41 M 23 8 54.5 25 
165 Kannan 49 M 25.5 7.5 49.5 25.5 
166 Thanagaraj 48 M 23 9 53 22.5 
167 Mohammed 45 M 23 8 54.5 25 
168 Karunyam 48 M 23 9 53 22.5 
169 Mani 47 M 20 10 57 20 
170 Venugopal 47 M 22.5 8.5 51.5 22.5 
171 Duraisamy 42 M 22 6 55.5 23.5 
172 Sivakumar 43 M 22.5 7.5 49 26 
173 Rajkumar 43 M 21 6.5 54 21 
174 Sivapandian 45 M 24.5 10 53.5 24.5 
175 Selladurai 46 M 20 8 48 22 
176 Rathanakodi 50 F 15 7 50 16 
177 Malika 48 F 21 6.5 44.5 22 
178 Chandra 41 F 18 10 54.5 22 
179 Mahudeshwari 42 F 20 7 53 21.5 
180 Rajavadivu 44 F 18 10 46 19 
181 Pappamal 44 F 19 12 56 20 
182 Selvanayagi 49 F 18.5 7 53.5 20 
183 Parvathi 46 F 23 8 51 23 
184 Maheswari 43 F 20 10 50 21 
185 Jagadeshwari 49 F 16 8 54 16 
186 Chitra 45 F 23 8 51 23 
187 Sudhamani 42 F 18 8.5 51 18 
188 Vanaja 41 F 17 5.5 49 16.5 
189 Lakshmi 42 F 19.5 7.5 48 19.5 
190 Rani 41 F 21 8 49 22 
191 Karpagam 46 F 20 8 47 21.5 
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193 Latha 48 F 21 6.5 44.5 22 
194 Pushpa 41 F 17.5 7 48 18.5 
195 Sivagami 47 F 15 7 43.5 16 
196 Padmavathy 41 F 13 6 53 13 
197 Kavitha 42 F 18 10 54.5 22 
198 Dhana 45 F 20 10 49 21.5 
199 Thangamani 41 F 17 8 55 16 
200 Kanaga 42 F 22.5 10 52 22.5 
 
Table 3: Samples and measurements taken for the study – Smile 
GROUP-I 
S.NO. NAME AGE SEX ULL ULT OCW CH IG SI BC SA 
1 Aravinth 18 M 16 9 72 15 10 7.2 1.34 C 
2 Aravindan 17 M 17 8.5 64 22 12 5.33 1.2 C 
3 Arunkumar 19 M 16 8.5 72.5 16 12 6.04 1.27 C 
4 Bharath 19 M 12 7 63 12 11 5.72 1.23 NC 
5 Dinesh 18 M 16.5 7 61 15.5 7 8.71 1.23 C 
6 Gowtham 18 M 18 10.5 66 16 7 9.42 1.16 C 
7 Kavin kumar  18 M 16 6 62 16 7 8.85 1.3 C 
8 Manikandaprasath 18 M 19.5 10 63 21.5 10 6.3 1.16 C 
9 Saravana kumar 17 M 18 6.5 68 16 8 8.5 1.25 C 
10 Selvamani 17 M 20 11 65.5 21.5 11.5 5.69 1.19 C 
11 Subramani 17 M 14 8 66 16 7.5 8.8 1.04 NC 
12 Jithin 18 M 14.5 8 65.5 16.5 14 4.67 1.36 NC 
13 Satheesh 18 M 12 8 67.5 16 12 5.62 1.31 NC 
14 Sriram 18 M 14.5 6.5 69 18.5 9.5 7.26 1.23 C 
15 Mohan 18 M 16 7 62 16 13 4.76 1.33 NC 
16 Gijo 19 M 15 9 65 17 12 5.41 1.31 NC 
17 Sugapradeep 19 M 17.5 9 59 18.5 10.5 5.61 1.2 C 
18 Faizal 19 M 20 11 65.5 21 11.5 5.69 1.19 C 
19 Armash 18 M 14 8 66 16 7.5 8.8 1.04 NC 
20 Venu 17 M 16 9 72 14 10 7.2 1.34 C 
21 Siva 18 M 19.5 10 63 21.5 10 6.3 1.16 C 
22 Raja 18 M 16 7 62 16 13 4.76 1.33 NC 
23 Rajesh 19 M 17 8.5 64 22 12 5.33 1.2 C 
24 Vivek 18 M 14.5 6.5 69 18.5 9.5 7.26 1.23 C 
25 Guruprasath 18 M 18 10.5 66 16 7 9.42 1.16 C 
26 Hema 19 F 9.5 7.5 63.5 14 10.5 6.04 1.7 C 
27 Jayapriya 19 F 15.5 8.5 64 14 9 7.11 1.22 C 
28 Kokila 19 F 17.5 6.5 60 16.5 8 7.5 1.16 C 
29 Arthi 17 F 16 6.5 67 15 8 8.37 1.16 C 
30 Asha 17 F 13 7 66.5 13 8 8.31 1.31 C 
31 Divya 17 F 14 6 64 13 9 7.11 1.19 C 
32 Brinda 17 F 12.5 8 60 12.5 9 6.66 1.16 C 
33 Deepika 19 F 12.5 6.5 64.5 13.5 10 6.45 1.22 C 
34 Indumathi 18 F 16.5 8 64 20.5 13 4.92 1.29 C 
35 Lavanya 17 F 15 7 62 16 11.5 5.39 1.19 C 
36 Manimala 18 F 14.5 7.5 59.5 13.5 10 5.95 1.17 C 
37 Keerthana 18 F 14 7.5 69 15 11 6.27 1.27 C 
38 Lalitha 17 F 14 6.5 67.5 15 9.5 7.1 1.21 C 
39 Priyanka  19 F 14.5 8 70 12.5 8.5 8.23 1.24 C 
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40 Priyanka  18 F 14 4.5 69 14 10.5 6.57 1.26 C 
41 Sangavi 18 F 16 7 67 15 8 8.37 1.16 C 
42 Kowsalyadevi 19 F 15 6.5 62 14.5 8 7.75 1.19 C 
43 Mythili 20 F 10 7.5 56.5 11.5 13 4.34 1.16 C 
44 Surya kala 19 F 11 5.5 60.5 12 8 7.56 1.2 C 
45 Ramya 19 F 12 5 65 12 7 9.28 1.22 C 
46 Ranjana 18 F 14.5 10 63 16 10.5 6 1.23 NC 
47 Selvalakshmi 18 F 13 7 63 12.5 9.5 6.63 1.15 C 
48 Shalini 18 F 17 8 60 20 10 6 1.2 C 
49 Shanmathi  17 F 13 6 63 13 9 7 1.25 C 
50 AnushkaChandran 19 F 14 7 60 15.5 10 6 1.24 C 
 
GROUP-II 
S.NO. NAME AGE SEX ULL ULT OCW CH IG SI BC SA 
51 Sukumar 22 M 16 8 62.5 18 12 5.2 1.191 C 
52 Shanmugavel 28 M 14.5 6 61.5 13 7.5 8.2 1.25 C 
53 Ramkumar 23 M 14 8 64 17 14 4.57 1.3 C 
54 Arjun 23 M 16.5 8 62 16.5 9.5 6.52 1.27 C 
55 Rajendran 27 M 17 7 60.5 16.5 10.5 5.76 1.15 C 
56 Dinesh 23 M 17.5 10 54.5 16.5 6 9.08 1.18 C 
57 Vivek 23 M 19 10 64 19 10.5 6.09 1.2 C 
58 Kumar 23 M 17.5 10 54.5 16.5 6 9.08 1.18 C 
59 Sanoop 24 M 17 9 78 18 13 6 1.3 NC 
60 Thiruvenkadam 29 M 19 8.5 69 16 8 8.62 1.28 NC 
61 Prabakaran 26 M 13 7.5 65 14 11.5 5.65 1.39 C 
62 Santhos 22 M 15.5 9 76 15.5 13.5 5.62 1.37 C 
63 Shahad 24 M 15.5 8.5 72 19.5 12 6 1.18 C 
64 Akhil Gopi 26 M 12 7.5 68 14.5 10 4.85 1.28 C 
65 TomsonThomas 26 M 16 8 65 15.5 5 13 1.28 C 
66 Rigil 22 M 12.5 8 66.5 12.5 12 5.54 1.28 C 
67 Mugilan 23 M 15 7.5 73 16.5 12.5 5.84 1.35 C 
68 Sujith 23 M 16.5 7 67.5 18.5 12 5.62 1.22 NC 
69 Tamilselvan 24 M 19 8 65 20 15 4.33 1.26 C 
70 Muthamil 24 M 19 10 64 19 10.5 6.09 1.2 C 
71 Sivaselvam 22 M 17 10 65 16 6 10.8 1.17 C 
72 Ramgopal 25 M 19 8 65 20 15 4.33 1.26 C 
73 Satheesh 27 M 18 6.5 68 17 8 8.5 1.25 C 
74 Sriram 25 M 14.5 6 61.5 13 7.5 8.2 1.25 C 
75 Suresh 24 M 14 8 64 17 14 4.57 1.3 C 
76 Santhiya 21 F 11 8 59 8.5 9 6.55 1.2 C 
77 Subashini 22 F 12 6 59 11.5 12 4.91 1.17 C 
78 Mohana 28 F 14 7 55 14 7.5 7.33 1.23 C 
79 Renuga 28 F 12 7 54.5 12 10 5.45 1.19 NC 
80 Nandini 22 F 14 8.5 65 13 6 10.8 1.21 C 
81 Sowmya 22 F 13 8 63 10.5 12 5.25 1.22 C 
82 Sheetal 22 F 14 8 60 13 14 4.28 1.2 C 
83 Ishwarya 22 F 11 7 56 10.5 9 6.22 1.2 C 
84 Swarna 22 F 13 8 68 12 11.5 5.91 1.18 C 
85 Varadha 23 F 11.5 9 63 10.5 10 6.3 1.23 C 
86 Aliya 23 F 12 7.5 59 14 10 5.9 1.24 C 
87 Athira 22 F 10.5 6.5 65.5 9.5 11 5.95 1.27 C 
88 Benazir 22 F 14.5 5 64.5 15 9.5 6.78 1.19 C 
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89 Minu Jose 21 F 16 12 64.5 16.5 10 6.45 1.3 C 
90 Sreeya 21 F 12 7 72.5 13 12 6.04 1.31 C 
91 Monisha 22 F 14 8.5 71.5 14 10 7.15 1.19 C 
92 Pradeepa 23 F 12 5.5 63.5 12 8 7.93 1.24 C 
93 Anureka 22 F 13 8 62 13 9.5 6.52 1.17 C 
94 Jenifa 22 F 10 7.5 71 12.5 11 6.45 1.31 C 
95 Safu 22 F 15 5.5 68 15 9.5 7.15 1.36 C 
96 Saranya 21 F 13 9.5 66.5 14 14 4.75 1.26 C 
97 Tejus 22 F 13 7 62.5 14 10 6.25 1.19 C 
98 Kaviya 22 F 12.5 6 66 10.5 11 6 1.27 C 
99 Sivaranjani 24 F 15 9 61 13 7.5 8.13 1.33 C 
100 Ishwarya 24 F 13 6.5 65 7 8 8.12 1.2 C 
 
GROUP-III 
S.NO. NAME AGE SEX ULL ULT OCW CH IG SI BC SA 
101 Srinivasan 33 M 16 6 63.5 15.5 12 5.29 1.26 C 
102 Muthukumar 31 M 14 8 63 14 15.5 4.06 1.26 NC 
103 Alagar Raja 32 M 19 9 63.5 20 10 6.35 1.31 C 
104 SaravanaKumar 36 M 15 6 67 14 12 5.58 1.27 NC 
105 Sateesh Kumar 33 M 17 8 59.5 19 8.5 7 1.18 C 
106 Shankar  33 M 15.5 6 66 16.5 11 6 1.31 C 
107 Murugesh 33 M 14 6 59.5 14.5 6.5 9.15 1.11 NC 
108 Manikandan 36 M 16.5 9.5 64 15 13 4.92 1.29 C 
109 Gopalsamy 37 M 17.5 6 71 15.5 10 7.1 1.31 C 
110 Madhivanan 39 M 14.5 6 70.5 13.5 9 7.83 1.27 C 
111 Karunamoorthi 39 M 16 6 63.5 15.5 12 5.29 1.26 C 
112 Kalingaraj 40 M 19 7 66 19 9 7.33 1.26 C 
113 Gopal 39 M 17.5 6 71 15.5 10 7.1 1.31 C 
114 Vijayakumar.R 33 M 18.5 8 63.5 16.5 12 5.29 1.34 C 
115 Makesh 35 M 18 6 61 17 11 5.54 1.25 C 
116 Kumar 34 M 15.5 6 66 16.5 11 6 1.31 C 
117 Rajesh 36 M 18 7 68 20 11 6.18 1.35 C 
118 Gunasekaran 35 M 16.5 6.5 69 14.5 9 7.66 1.22 C 
119 Muthusamy 32 M 12 9 69.5 12 12 5.79 1.23 NC 
120 Dileepan 32 M 16.5 6.5 69 14.5 9 7.66 1.22 C 
121 Charles 36 M 18 6 61 17 11 5.54 1.25 C 
122 Narayanan 37 M 16.5 8 64.5 16.5 8 8.06 1.23 C 
123 Govindan 35 M 16 8 55 16 8 6.87 1.17 C 
124 Thambidurai 38 M 14 8 63 14 15.5 4.06 1.26 NC 
125 Kandasamy 34 M 19 9 63.5 20 10 6.35 1.31 C 
126 Devaki 37 F 15 8 74 15 12 6.16 1.28 C 
127 Chithra 39 F 13 7 61 12 10.5 5.8 1.18 C 
128 Paramashvari 31 F 14 6 66 16 13 5.07 1.28 NC 
129 Saraswathi 31 F 16 7 66.5 16 13 5.11 1.22 NC 
130 Revathy 36 F 14 7 55 14 9 6.11 1.22 C 
131 Sarama 37 F 13 6 58 11 9 6.44 1.2 C 
132 Janaga 37 F 15.5 7.5 60 7.5 10.5 5.71 1.37 C 
133 Sangetha 38 f 18 8 62.5 17 10 6.25 1.27 C 
134 Sumathi 35 F 13 5.5 56.5 13 8.5 6.64 1.31 C 
135 Gomathi 34 F 15.5 6 61 15.5 7 8.71 1.29 C 
136 Annalakshmi 32 F 13 7 63 14 10 6.3 1.31 C 
137 Lilly 36 F 17 8 57 18 8 7.12 1.35 C 
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138 Padmavathy 31 F 14.5 8 56 14.5 8 7 1.3 C 
139 Devi 31 F 18.5 6 53 19.5 13.5 3.92 1.23 NC 
140 Valarmathi 38 F 13.5 7.5 58 13.5 10 5.8 1.36 C 
141 Sumathi 32 F 10 5 65 15 12.5 5.2 1.22 NC 
142 Kaleshwari 32 F 12 7 64 12 12 5.33 1.38 C 
143 Lalitha 33 F 10 6 58.5 8 7 8.35 12 C 
144 Gomathi 33 F 10 4 61.5 9 10 6.15 1.13 C 
145 Kalaiselvi 32 F 17 7.5 61 15 11.5 5.3 1.37 C 
146 Hemalatha 32 F 12 7 63 7 9 7 1.26 C 
147 Geetha 38 F 16 7.5 60 16 8.5 7.05 1.21 NC 
148 Devi 34 F 14.5 6.5 64 15.5 13.5 4.74 1.23 NC 
149 Krithika 34 F 14 8 68 12 12 5.66 1.33 C 
150 Barkavi 35 F 15 8 74 15 12 6.16 1.28 C 
 
GROUP-IV 
S.NO. NAME AGE SEX ULL ULT OCW CH IG SI BC SA 
151 Saravanan 44 M 14.5 4 57 16.5 11.5 4.95 1.23 NC 
152 Ganesh 41 M 17.5 8 67 17.5 8 8.37 1.42 C 
153 Kumaravel 43 M 22 10 60 23.5 11.5 5.21 1.25 NC 
154 Eswaran  42 M 19 8 59 18 8 7.37 1.11 C 
155 Murugan 41 M 18 4.5 59 17 8 7.37 1.19 C 
156 Srinivasan 45 M 21 6 58 22 10 5.8 1.33 NC 
157 Natarajan 42 M 19 7 66 19 9 7.33 1.26 C 
158 Murugesan 50 M 16 6 68 18.5 13 5.23 1.29 NC 
159 Raju 48 M 17 9.5 62 21.5 17 3.64 1.26 NC 
160 Sivaraman 48 M 17 7 61.5 15 9 6.83 1.25 C 
161 Ramasamy 45 M 18 8 62 17 8 7.75 1.16 C 
162 Venkateshwaran 42 M 19 8 59 18 8 7.37 1.11 C 
163 Gurumoorthi 46 M 17 4.5 62 16 5 12.4 1.13 C 
164 Selvamani 41 M 17 6 61 17 9 6.77 1.18 NC 
165 Kannan 49 M 18 4.5 59 17 8 7.37 1.19 C 
166 Thanagaraj 48 M 17.5 9 64.5 15.5 7.5 8.6 1.26 C 
167 Mohammed 45 M 17 6 61 17 9 6.77 1.18 NC 
168 Karunyam 48 M 17.5 9 64.5 15.5 7.5 8.6 1.26 C 
169 Mani 47 M 16.5 7.5 68 18.5 9 7.55 1.31 NC 
170 Venugopal 47 M 18 8 62 17 8 7.75 1.16 C 
171 Duraisamy 42 M 18 7 68 20 11 6.18 1.35 C 
172 Sivakumar 43 M 21 6 58 22 10 5.8 1.33 NC 
173 Rajkumar 43 M 17 5.5 54.5 17 6 9.08 1.2 C 
174 Sivapandian 45 M 17.5 8 67 17.5 8 8.37 1.42 C 
175 Selladurai 46 M 15 7 61 18 9 6.77 1.12 C 
176 Rathanakodi 50 F 10 4.5 62 10 7 8.85 1.25 NC 
177 Malika 48 F 17 7 53 17 7 7.57 1.24 C 
178 Chandra 41 F 15.5 8 65 15.5 10 6.5 1.29 C 
179 Mahudeshwari 42 F 14 6 66 14 11 6 1.25 NC 
180 Rajavadivu 44 F 13.5 7 58.5 14.5 12 4.87 1.17 C 
181 Pappamal 44 F 15 8 74 15 12 6.16 1.28 C 
182 Selvanayagi 49 F 16 7 66.5 16 13 5.11 1.22 NC 
183 Parvathi 46 F 16 6 64 16 12.5 5.12 1.29 C 
184 Maheswari 43 F 14 6 62 16 9 6.88 1.26 C 
185 Jagadeshwari 49 F 11 7 69.5 11 11.5 6.04 1.33 C 
186 Chitra 45 F 16 6 64 16 12.5 5.12 1.29 C 
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187 Sudhamani 42 F 13 7 63 14 10 6.3 1.31 C 
188 Vanaja 41 F 10 4 61.5 9 10 6.15 1.13 C 
189 Lakshmi 42 F 13 7 61 12 10.5 5.8 1.18 C 
190 Rani 41 F 17 7.5 61 15 11.5 5.3 1.37 C 
191 Karpagam 46 F 11.5 6 57 7.5 11 5.18 1.22 C 
193 Latha 48 F 17 7 53 17 7 7.57 1.24 C 
194 Pushpa 41 F 13 5.5 56.5 13 8.5 6.64 1.31 C 
195 Sivagami 47 F 9 6 58 11 12 4.83 1.26 C 
196 Padmavathy 41 F 10 6 58.5 8 7 8.35 12 C 
197 Kavitha 42 F 15.5 8 65 15.5 10 6.5 1.29 C 
198 Dhana 45 F 10 5 65 15 12.5 5.2 1.22 NC 
199 Thangamani 41 F 12 7 63 7 9 7 1.26 C 
200 Kanaga 42 F 15.5 7.5 60 7.5 10.5 5.71 1.37 C 
 
Table 4: Descriptive Statistics and Significance of Mean Differences of Rest Position 
Measurements Between Males and Females via Student t Test 
Linear 
Measurements in 
Rest 
photograph(mm) 
Groups Sex P Value 
Male Female 
Mean + SD Mean + SD 
 
 
ULL 
Group 1 19.86 + 3.49 18.68 + 2.09 0.15 
Group 2 21.80 + 2.75 18.80 + 1.73    0.001** 
Group 3 22.14 + 2.25 19.26 + 2.11    0.001** 
Group 4 22.70 + 1.50 18.79 + 2.56    0.001** 
 
 
ULT 
Group 1 9.520 + 1.794 8.680 + 1.290  0.01* 
Group 2 9.60 + 1.30 8.82 + 1.14  0.01* 
Group 3 9.04 + 1.84 8.20 + 1.74 0.10 
Group 4 8.24 + 1.26 8.14 + 1.61 0.82 
                                                                                                                                                            Results 
 
 Page 49 
 
 
 
OCW 
Group 1 50.60 + 3.12 48.32 + 3.87  0.01* 
Group 2 50.94 + 4.02 48.68 + 3.82  0.01* 
Group 3 51.7 + 3.32 50.1 + 3.19 0.10 
Group 4 51.76 + 2.81 50.29 + 3.56 0.11 
 
 
CH 
Group 1 21.40 + 2.34 19.30 + 2.34     0.001** 
Group 2 22.70 + 2.56 18.98 + 2.20    0.001** 
Group 3 23.08 + 2.42 19.90 + 2.54    0.001** 
Group 4 23.84 + 1.76 19.69 + 2.82   0.001** 
 
Table 5: Descriptive Statistics and Significance of Mean Differences of Smile 
Measurements Between Males and Females via Student t Test 
Linear Measurements in 
Smile photograph(mm) 
Groups Sex P Value 
Male Female 
Mean + SD Mean + SD 
 
 
ULL 
Group 1 16.30 + 2.22 13.94 + 2.01     0.001** 
Group 2 16.18 + 2.12 12.84 + 1.49    0.001** 
Group 3 16.40 + 1.82 14.16 + 2.32    0.001** 
Group 4 17.80 + 1.71 13.46 + 2.54    0.001** 
 Group 1 8.40 + 1.50 7.00 + 1.15    0.001** 
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ULT 
Group 2 8.16 + 1.21 7.50 + 1.50  0.01* 
Group 3 7.10 + 1.22 6.84 + 1.06 0.42 
Group 4 6.96 + 1.64 6.52 + 1.05 0.26 
 
 
OCW 
Group 1 61.9 + 3.78 62.0 + 4.74 0.97 
Group 2 64.8 + 3.99 61.8 + 5.22 0.01* 
Group 3 65.44 + 5.49 63.42 + 4.83 0.17 
Group 4 65.54 + 3.49 63.62 + 3.44 0.05* 
 
CH 
Group 1 17.40 + 2.74 12.78 + 3.45     0.001** 
Group 2 16.62 + 2.12 12.34 + 2.17    0.001** 
Group 3 16.08 + 2.15 13.64 + 3.21    0.001** 
Group 4 18.06 + 2.19 14.40 + 2.20    0.001** 
 
 
IG 
Group 1 10.18 + 2.16 10.40 + 2.01 0.23 
Group 2 10.46 + 3.01 10.24 + 1.89 0.59 
Group 3 10.64 + 2.15 10.08 + 1.92 0.68 
Group 4 9.12 + 2.37 8.54 + 1.53  0.05* 
 
 
SI 
Group 1 6.32 + 1.25  6.12 +1.06 0.55 
Group 2 6.72 + 2.17 6.50 + 1.32 0.66 
Group 3 6.74 + 1.57 6.83 + 1.17 0.81 
Group 4 7.16 + 1.69 6.23 + 1.07  0.01* 
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Contd…. 
 
 
BC 
Group 1 1.23 + 0.86 1.23 + 0.10 0.23 
Group 2 1.25 + 0.006 1.23 + 0.005 0.25 
Group 3 1.26 + 0.005 1.70 + 2.14 0.30 
Group 4 1.23 + 0.008 1.69 + 2.14 0.29 
 
 
Table 6: Mean values of parameters according to sex distribution (t-test) at rest 
Measurements(mm) Sex N Mean S.D P-value 
 
ULL 
Male 100 21.63 2.78  
0.001** 
Female 100 18.88 2.12 
 
ULT 
Male 100 9.100 1.642  
0.001** 
Female 100 8.465 1.471 
 
OCW 
Male 100 51.25 3.33  
0.001** 
Female 100 49.35 3.67 
 
CH 
Male 100 22.76 2.43  
0.001** 
Female 100 19.46 2.47 
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Table 7: Mean values of parameters according to sex distribution (t-test) during smile 
Measurements 
(mm) 
Sex N Mean S.D P-value 
ULL Male 100 16.67 2.06 0.001** 
Female 13.60 2.16 
ULT Male 100 7.66 1.52 0.001** 
Female 6.97 1.24 
OCW Male 100 64.44 4.44 0.001** 
Female 62.73 4.61 
CH Male 100 17.04 2.40 0.001** 
Female 13.29 2.90 
IG Male 100 10.10 2.48 0.91 
Female 10.07 1.85 
SI Male 100 6.73 1.709 0.12 
Female 6.42 1.180 
BC Male 100 1.24 0.007 0.15 
Female 1.46 1.51 
SA Male 100 1.25 0.44 0.01* 
Female 1.12 0.33 
 
Table 8: one-way analysis of variance ANOVA at Rest 
Measurements Groups Mean S.D P-value 
 
 
ULL 
15 to 20 (Group1) 19.27 2.91  
 
0.01* 21 to 30 (Group 2) 20.30 2.73 
31 to 40 (Group 3) 20.70 2.60 
41 to 50 (Group 3) 20.79 2.86 
Total 20.26 2.82 
 
 
ULT 
15 to 20 (Group1) 9.10 1.60  
 
  0.001** 21 to 30 (Group 2) 9.21 1.27 
31 to 40 (Group 3) 8.62 1.82 
41 to 50 (Group 3) 8.19 1.43 
Total 8.78 1.58 
 
 
OCW 
15 to 20 (Group1) 49.46 3.67  
 
0.01* 21 to 30 (Group 2) 49.81 4.05 
31 to 40 (Group 3) 50.93 3.32 
41 to 50 (Group 3) 51.04 3.25 
Total 50.31 3.62 
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CH 
15 to 20 (Group1) 20.35 2.55  
 
0.01* 21 to 30 (Group 2) 20.84 3.02 
31 to 40 (Group 3) 21.49 2.93 
41 to 50 (Group 3) 21.81 3.12 
Total 21.12 2.95 
 
 
Table 9: one-way analysis of variance ANOVA during Smile 
Measurements Groups Mean S.D P-value 
 
 
ULL 
15 to 20 (Group1) 15.12 2.41  
 
0.18 
21 to 30 (Group 2) 14.51 2.48 
31 to 40 (Group 3) 15.28 2.35 
41 to 50 (Group 3) 15.63 3.07 
Total 15.14 2.60 
 
 
ULT 
15 to 20 (Group1) 7.70 1.50  
 
    0.001** 
21 to 30 (Group 2) 7.83 1.39 
31 to 40 (Group 3) 6.97 1.14 
41 to 50 (Group 3) 6.74 1.38 
Total 7.31 1.43 
 
 
OCW 
15 to 20 (Group1) 64.58 3.56  
 
0.01* 
21 to 30 (Group 2) 64.43 5.22 
31 to 40 (Group 3) 63.3 4.84 
41 to 50 (Group 3) 61.9 4.24 
Total 63.5 4.60 
 
 
CH 
15 to 20 (Group1) 15.9 2.90  
 
0.13 
21 to 30 (Group 2) 14.4 3.03 
31 to 40 (Group 3) 14.8 2.97 
41 to 50 (Group 3) 15.4 3.91 
Total 15.1 3.25 
 
 
IG 
15 to 20 (Group1) 10.5 1.88  
 
0.01* 
21 to 30 (Group 2) 10.2 2.50 
31 to 40 (Group 3) 9.8 2.06 
41 to 50 (Group 3) 8.23 2.20 
Total 10.0 2.18 
 
 
SI 
15 to 20 (Group1) 6.79 1.37  
 
0.01* 
21 to 30 (Group 2) 6.61 1.78 
31 to 40 (Group 3) 6.22 1.15 
41 to 50 (Group 3) 7.33 1.48 
Total 7.01 1.47 
 
 
BC 
15 to 20 (Group1) 1.23 0.96  
 
0.49 
21 to 30 (Group 2) 1.24 0.58 
31 to 40 (Group 3) 1.48 1.51 
41 to 50 (Group 3) 1.46 1.52 
Total 1.35 1.07 
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SA 
15 to 20 (Group1) 1.18 0.39  
 
0.11 
21 to 30 (Group 2) 1.08 0.27 
31 to 40 (Group 3) 1.22 0.42 
41 to 50 (Group 3) 1.26 0.44 
Total 1.19 0.39 
 
Table 10: Multiple comparisions – Post Hoc Test at Rest 
Measurements(mm) Groups  Mean Difference (I-J) Sig. 
 
 
 
 
ULL 
Group 1 Group 2 1.03 .248 
 Group 3 1.43  .049* 
 Group 4 1.52  .033* 
Group 2 Group 1 1.03 .248 
 Group 3 0.40 .889 
 Group 4 0.49 .820 
Group 3 Group 1 1.43  .049* 
 Group 2 .40 .889 
 Group 4 0.85 .999 
Group 4 Group 1 1.52  .033* 
 Group 2 0.49 .820 
 Group 3 0.85 .999 
 
 
 
 
 
ULT 
Group 1 Group 2 0.110 .985 
 Group 3 0.480 .407 
 Group 4 0.906  .019* 
Group 2 Group 1 0.110 .985 
 Group 3 0.590 .225 
 Group 4 1.01    .006** 
Group 3 Group 1 0.480 .407 
 Group 2 0.590 .225 
 Group 4 0.426 .518 
Group 4 Group 1 0.906   .019* 
 Group 2 1.016    .006** 
 Group 3 0.426 .518 
 
 
 
 
 
 
OCW 
Group 1 Group 2 0.35 .962 
 Group 3 1.47 .170 
 Group 4 1.58 .125 
Group 2 Group 1 0.35 .962 
 Group 3 1.12 .401 
 Group 4 1.23 .320 
Group 3 Group 1 1.47 .170 
 Group 2 1.12 .401 
 Group 4 0.11 .999 
Group 4 Group 1 1.58 .125 
 Group 2 1.23 .320 
 Group 3 0.11 .999 
 
 
 
Group 1 Group 2 0.49 .835 
 Group 3 1.14 .205 
 Group 4 1.46 .062 
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CH 
Group 2 Group 1 0.49 .835 
 Group 3 0.65 .680 
 Group 4 0.97 .349 
Group 3 Group 1 1.14 .205 
 Group 2 0.65 .680 
 Group 4 0.32 .948 
Group 4 Group 1 1.46 .062 
 Group 2 0.97 .349 
 Group 3 0.32 .948 
 
Table 11: Multiple comparisions – Post Hoc Test during Smile 
Measurements(mm) Groups  Mean Difference (I-J) Sig. 
 
 
 
 
ULL 
Group 1 Group 2 0.61 0.64 
Group 3 0.16 0.99 
Group 4 0.51 0.75 
Group 2 Group 1 0.61 0.64 
Group 3 0.77 0.44 
Group 4 1.12 0.13 
Group 3 Group 1 0.16 0.99 
Group 2 0.77 0.44 
Group 4 0.35 0.90 
Group 4 Group 1 0.51 0.75 
Group 2 1.12 0.13 
Group 3 0.35 0.90 
 
 
 
 
 
ULT 
Group 1 Group 2 0.13 0.96 
Group 3 0.73  0.03* 
Group 4 0.96    0.00** 
Group 2 Group 1 0.13 0.96 
Group 3 0.86    0.00** 
Group 4 1.09    0.00** 
Group 3 Group 1 0.73   0.03* 
Group 2 0.86    0.00** 
Group 4 0.23 0.83 
Group 4 Group 1 0.96    0.00** 
Group 2 1.09    0.00** 
Group 3 0.23 0.83 
 
 
 
 
 
 
OCW 
Group 1 Group 2 0.15 0.99 
Group 3 1.23 0.52 
Group 4 2.60   0.02* 
Group 2 Group 1 0.15 0.99 
Group 3 1.08 0.62 
Group 4 2.45   0.03* 
Group 3 Group 1 1.23 0.52 
Group 2 1.08 0.62 
Group 4 1.37 0.42 
Group 4 Group 1 2.60   0.02* 
Group 2 2.45   0.03* 
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Group 3 1.37 0.42 
 
 
 
 
 
CH 
Group 1 Group 2 1.42 0.12 
Group 3 1.04 0.37 
Group 4 0.48 0.88 
Group 2 Group 1 1.42 0.12 
Group 3 0.38 0.93 
Group 4 0.94 0.46 
Group 3 Group 1 1.04 0.37 
Group 2 0.38 0.93 
Group 4 0.56 0.82 
Group 4 Group 1 0.48 0.88 
Group 2 0.94 0.46 
Group 3 0.56 0.82 
 
 
 
 
 
IG 
Group 1 Group 2 0.41 0.78 
Group 3 0.66 0.42 
Group 4 0.18 0.97 
Group 2 Group 1 0.41 0.78 
Group 3 0.25 0.94 
Group 4 0.59 0.52 
Group 3 Group 1 0.66 0.42 
Group 2 0.25 0.94 
Group 4 0.84 0.21 
Group 4 Group 1 0.18 0.97 
Group 2 0.59 0.52 
Group 3 0.84 0.21 
 
 
 
 
 
SI 
Group 1 Group 2 0.17 0.93 
Group 3 0.57 0.21 
Group 4 0.91 0.98 
Group 2 Group 1 0.17 0.93 
Group 3 0.39 0.54 
Group 4 0.87 0.99 
Group 3 Group 1 0.57 0.21 
Group 2 0.39 0.54 
Group 4 0.47 0.36 
Group 4 Group 1 0.91 0.98 
Group 2 0.87 0.99 
Group 3 0.47 0.36 
 
 
 
 
 
 
BC 
Group 1 Group 2 0.13 1.00 
Group 3 0.25 0.64 
Group 4 0.23 0.69 
Group 2 Group 1 0.13 1.00 
Group 3 0.23 0.68 
Group 4 0.22 0.73 
Group 3 Group 1 0.25 0.64 
Group 2 0.23 0.68 
Group 4 0.17 1.00 
Group 4 Group 1 0.23 0.69 
Group 2 0.22 0.73 
Group 3 0.17 1.00 
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Contnd….. 
 
 
 
 
 
 
SA 
Group 1 Group 2 0.10 0.56 
Group 3 0.40 0.95 
Group 4 0.80 0.72 
Group 2 Group 1 0.10 0.56 
Group 3 0.14 0.26 
Group 4 0.18 0.09 
Group 3 Group 1 0.40 0.95 
Group 2 0.14 0.26 
Group 4 0.40 0.95 
Group 4 Group 1 0.80 0.72 
Group 2 0.18 0.09 
Group 3 0.40 0.95 
 
Graph 1: Mean difference of Rest Position Measurements Between Males and Females 
via Student t Test 
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Graph 2: Mean Differences of Smile Measurements Between Males and Females via Student 
t Test. 
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DISCUSSION 
Smile is defined as a “facial expression characterized by upward curving of the 
corners of the mouth, is often used to indicate pleasure, amusement or derision”66 The upper 
and lower lips frame the display zone of the smile. The soft tissue determinants of the display 
zone are upper lip length, upper lip thickness, outer intercommissural width, commissural 
height, interlabial gap at smile, smile index, smile arc and buccal corridor space.  
The commissures of the lips form the lateral borders of the smile, delineated by the 
innermost and outermost confluences of the vermilion of the lips at the corners of the mouth.
2
 
The buccal corridor is measured from the mesial line angle of the maxillary first 
premolars to the interior portion of the commissure of the lips.
53
 It is the ratio of the 
intercommissure width divided by the distance from first premolar to first premolar. It is 
termed as “negative space” in orthodontics. 
Ackermann and Ackermann et al
2
 determined the smile index by dividing the outer 
inter-commissural width by the interlabial gap during smiling. 
The smile arc is defined as the relationship of the curvature of the incisal edges of the 
maxillary incisors and canines to the curvature of the lower lip in the posed smile.
51
 The ideal 
smile arc has the maxillary incisal edge curvature parallel to the curvature of the lower lip 
upon smile. 
The smile plays an important part in the orthodontic diagnosis and treatment planning. 
The posed smile is fairly reproducible and can be generated on command.
1,52
 The selection of 
two frames (Rest and Posed smile) was based on the reproducibility of the two expressions. 
Ackermann et al
1
 and Johnston et al
26
 concluded that the rest position of the lips and posed 
smile are the reproducible expressions.  
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The extra-oral static photographs of dynamic smile are usually recorded in standard 
orthodontic records. A major drawback of using static pictures is that the researcher does not 
know whether he has captured the intended frame in that one single snapshot. To overcome 
this drawback, a digital video had been introduced.
31,52,53
  The dynamic recording of smile 
using digital video at 30 frames per second and computer technology enhances orthodontic 
diagnosis and treatment planning.
8,10
 The digital videography is standardized by recording the 
subjects posed smile in the natural head position in which the subject head was in an upright 
position by looking into the mirror kept in the camera at eye level, which implies that the 
visual axis is horizontal.
38
 The natural head position is achieved by using a spectacle frame 
with the bubble device. This avoids the deviation and rotation of subjects head from the focus 
of camera. The ruler scale incorporated in the spectacle frame enhances computer analysis of 
the linear measurements in Adobe Photoshop CS2.
16
   
Upper Lip Length 
Desai et al
10
 showed upper lip length at rest with advancing age was increased from 
21.58 mm to 22.69 mm that was statistically nonsignificant. In the present study the upper lip 
length at rest increased from 19.27 mm (Group I) to 20.79 mm (Group IV) and it was 
significant. This is in accordance with the study conducted by Patil Chetan et al
8
, Bhavna 
singh et al
5
 and Kavita sachdeva et al
50
. 
The present study shows with increasing age the upper lip length during smiling 
increased from 15.12 mm (Group I) to 15.63 (Group IV). These changes indicating the 
atrophy of muscles when the person ages leads to the decrease in lip volume, loss of lip 
architecture and lip legthening. With the age, males and females were found to undergo a 
gradual increase in upper lip length from group I to group IV both at rest and during smile 
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and it was highly significant. Similar results were found in the study conducted by Kavita 
Sachdeva et al
50
 and Patil Chetan et al
8
. 
 In this study, with increasing age the upper lip length decreased from rest to smile. It 
is due to decrease in the muscle’s ability to raise the upper lip as the person ages. Desai et al10 
in his study found that the mean percentage change in the upper lip length showed 5.58% 
decrease in the muscle’s ability to raise the upper lip in males with age, whereas in females it 
decreased only by 1.31% . This shows that when the person’s age advances, the contractility 
of muscles responsible for lip elevation is affected more in males than females. 
Upper Lip Thickness 
 Upper lip thickness at rest was significantly decreased in both males and females in 
the study conducted by Desai et al
10
. In this present study, with increasing age we found a 
decrease from group I (9.10 mm) to group IV (8.19 mm) in both males and females and it 
was significant. This is in accordance with the study conducted by Bhavna Singh et al
5
 who 
found a decrease in upper lip thickness from 8.03 mm to 7.86 mm. 
 During smiling the upper lip thickness significantly decreased from 7.70 mm (Group 
I) to 6.74 mm (Group IV). Apparently, the intrinsic fibers of the lip musculature that are 
responsible for maintaining the lip thickness must be affected, resulting in thinning of lips by 
the aging process in both males and females. Similar results were found in the study 
conducted by Desai et al
10
 and Bhavna singh et al
5
. 
Outer Inter-Commissural Width 
   The outer inter-commissural width at rest increased by 1.16 mm in males and 1.97 
mm in females from 15 to 50 years of age. This is in accordance with the study done by Patil 
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Chetan et al
8
 and Desai et al
10
. The mean values of all the four age groups were greater for 
males as compared to females and significant differences were found in group I and group II. 
 On smiling, the outer commissural width was significantly increased from 61.9 mm 
(Group I) to 64.58 mm (Group IV). Similar results were found in the study conducted by 
Kavita Sachedeva et al
50
 who showed an increase from 58.76 mm to 63.28 mm from age 15 
to 29 years. 
Commissural Height 
 At rest the commissural height gradually increased in both the sexes as the person 
ages. We found an increase in commissural height by 2.44 mm in males and by 0.39 mm in 
females. The mean values for all the four groups were higher for males as compared with 
females and it was found to be highly significant. This shows that the males had greater 
vertical changes when compared with females. Similarly the Dickens et al
11
 found an increase 
by 1.3 mm in males and 1.1 mm in females from 16 to 50 years in commissural height.  
 The commissural height on smiling found to be significantly increased from group I 
to group IV for males, but for females it was decreased. The reason for increase in 
commissural height with the age could be due to sagging at the corners of the mouth because 
of increase in resting muscle length as the person ages (Levator anguli oris, Zygomaticus 
minor and Zygomaticus minor). 
15,20
    
Interlabial Gap 
 Interlabial gap is significantly decreased with the age from 10.5 mm (Group I) to 8.23 
mm (Group IV) causing an increase in smile index between the age groups as shown in Table 
9. These data provide the information that, as a person ages the smile becomes wider 
transversely and narrower vertically. Similar results were found in the study conducted by 
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Desai et al
10
 who reported a decrease in interlabial gap with increasing age from 12.0 mm to 
9.09 mm and Kavita Sachdeva et al
50 
showed decrease of 9.3 mm (Group I) to 7.3 mm 
(Group III) from 15 to 29 years of age. 
 In this present study there were no significant difference found in the interlabial gap 
between the males and females except group IV (41 to 50 years). 
Smile Index 
 Desai et al
10
 showed an increase in smile index from 5.63 mm to 8.05 mm with 
increasing age. In this present study, the smile index is significantly increased with age from 
6.79 mm (Group I) to 7.33 mm (Group IV). This indicates that the person ages the smile gets 
narrower vertically and wider transversely. Similar results were found in the study conducted 
by Ackermann et al
53
 and Kavita Sachdeva et al
50
.  
 
 There were no significant difference found between the males and females with 
increasing age except group IV (41 to 50 years). 
Buccal Corridor 
 In this present study, the buccal corridor increased from 1.23 mm (Group I) to 1.46 
mm (Group IV) with increasing age and it is not statistically significant. Comparing the 
buccal corridor between males (1.24 mm) and females (1.46 mm) there were no significant 
differences. The impact of buccal corridors on smile esthetics has no effect on esthetic 
evaluation of smiles. From the results of our study it indicates there were no statistically 
significant difference in either sex and age groups. This is in accordance with the study 
conducted by Desai et al
10
. This shows that the buccal corridor plays only a minimal role in 
esthetic evaluation of smile and the perceived difference could be due to some other factors, 
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such as smile arc, tooth shade, tooth arrangement, gingival display, gingival architecture and 
lip thickness.      
Smile Arc 
 Desai et al
10
 in his study found most of the subjects have flat smile arc 
(48.4%).  In this present study, we evaluated the consonance and non-consonance in smile-
arc relationship. We found more of females (88%) have consonant smiles than males (75%). 
It is well known that the consonant smile arc is more attractive than a non-consonant smile 
arc.
51,53
 This is in accordance with the study conducted by Krishnan et al
7
 who reported more 
women (67%) with consonant smiles than the males (40%).   
The smile arc is highly depends on conversational distance and head positioning 
(angle of elevation).
7,68
 In this present study, the camera lens were placed parallel to the 
subject’s occlusal plane to avoid this error.  
 Most of the orthodontic treatment is done during late childhood and early 
adolescence. Since the time has been introduced as the fourth dimension of treatment 
planning, long-term knowledge of the dentofacial changes are paramount for clinical 
success.
52,53  
By applying this results for accurate diagnosis and treatment planning, the 
results will be esthetically more appealing, healthier and long-lasting. This study also helps to 
broaden the knowledge and shows how the perioral soft tissues changes with age. It helps the 
clinicians to optimize dentofacial esthetics while satisfying other treatment goals.   
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SUMMARY 
The present study was undertaken 
1. To evaluate and compare the characteristics of smile in individuals with different age 
groups. 
2. To compare the smile characteristics between males and females within the groups. 
3. To check the sexual dimorphism with respect to smile between the different age 
groups. 
The smile and rest position of 200 randomly selected subjects were recorded using digital 
videography and divided into four groups: Group I (15 to 20 years), Group II (21 to 30 
years), Group III (31 to 40 years) and Group IV (41 to 50 years) with 25 males and 25 
females in each group. 
The characteristics of smile such as upper lip length, upper lip thickness, outer commissural 
width, commissural height, buccal corridors, smile arc, smile index and interlabial gap were 
evaluated. 
This study shows that there was a statistically significant age-related difference found in the 
upper lip length, upper lip thickness, outer commissural width and commissural height at rest. 
During smiling significant difference was found in upper lip thickness, outer commissural 
width, interlabial gap and smile index. The upper lip length, upper lip thickness, outer 
commissural width and commissural height showed significantly higher in males when 
compared to females both at rest and during smile position. On overall comparison of males 
and females, it showed highly significant difference in upper lip length, upper lip thickness, 
outer commissural width and commissural height at rest and during smile. 
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CONCLUSION 
1. With increasing age, the smile gets changed and differs between males and females. 
2. As the age advances, the upper lip length, outer commissural width and commissural 
height increased both at rest and during smile position. Upper lip thickness showed 
significant decrease at rest and during smile with increasing age. 
3. The smile index increased significantly indicating that the smile gets narrower 
vertically and wider transversely as the person ages. 
4. Interlabial gap found to be significantly decreased and no significant difference was 
found in the smile arc and buccal corridors between the four groups. 
5. In the present study we found more women (88%) with consonant smiles than men 
(75%). 
6.  Highly significant difference was found between males and females in upper lip 
length, upper lip thickness, outer commissural width and commissural height within 
the groups. 
7. On overall comparison of males and females there was highly significant difference 
found in upper lip length, upper lip thickness, outer commissural width and 
commissural height. 
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ANNEXURES 
KSR INSTITUTE OF DENTAL SCIENCE AND RESEARCH 
DEPARTMENT OF ORTHODONTICS AND DENTOFACIAL ORTHOPEDICS 
INFORMED CONSENT FORM 
For questions about the study contact: 
Principal investigator   :  Dr.M.PRABHAKARAN. 
                                        Post graduate student 
                                        Department of Orthodontics and dentofacial orthopaedics 
                                        KSR Institute of dental science and research 
                                        Tiruchengode 
                                        Contact no: 7200173916 
Description 
              You are invited to participate in the research conducted in the Department of 
Orthodontics and Dentofacial Orthopaedics, KSR Institute of Dental Science and Research. 
    The study is to evaluate the characteristics of smile in individuals with different age 
groups and to find out the gender differences in smile and the changes in smile 
characteristics with increasing age. This is a study on smile involving a 5- to 10-second 
video clip of a small part of the face. The video clip thus obtained is transferred to the 
computer and converted into photos to find out the smile characteristics.  
Risk and benefits 
            We do not expect any bad or adverse effects to the subject during this study. Time 
involvement: your participation time in this study will involve approximately 5 to 10 seconds 
in the photographic room. 
We kindly inform you that you will not receive any financial benefits from this study. 
Your decision whether or not to participate in this study will not affect your 
employment/medical care. 
  
PARTICIPANT’S RIGHTS:  
                        If you have read this form and have decided to participate in this project, 
please understand your participation is voluntary and you have the right to withdraw 
your consent or discontinue participation at any time without penalty or loss of benefits 
to which you are otherwise entitled.  
                       If you agree, your identity will be made known in all written data resulting 
from the study. Otherwise, your individual privacy will be maintained in all published 
and written data resulting from the study. 
An extra signed copy of this consent form will be provided to you. 
 
 
CONSENT : 
        I Mr/Ms/Mrs. ________________________, read the consent form completely and have been explained 
about the study well to my knowledge and also about the risks and benefits involved in the study by the 
principle investigator. I, without any compulsion, voluntarily is willing  to participate in this study.   
 
Signature of the participant     : __________________________ 
 
Signature of the investigator  :  _________________________ 
 
Date : _______________________   
 
                                                               
 
